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Moreover, new antibiotics are constantly being sought in 
order to supplement and expand the physicians' armamentarium, 
particularly for the treatment of infections involving 
pathogens which have become resistant to the chemo therapeutic 
agents now in use. 

Various cephalosporins have been known and a number of 
disclosures such as German Of f enlegungsschrif t fyr. 2,356,366 
disclose a variety of cephalosporins or heterocyclic acyl 
groups very broadly but none of them specify the compounds 
of this invention. 
SUMMARY OF THE INVENTION 

According to this invention, there are provided the 
novel cepholosporins represented by general formula I 

| ~ OCH-, 



p=< s >- conh 


-N 



CH 2 S-R- 


COOH 


wherein R 1 represents a carboxyl group or a functional 

2 

derivative residue thereof; R represents a hydrogen atom, a 

lower alkyl group, a lower alkoxy group 9t a lower alkanoyl group, 
R^S(0) n group (wherein R^ represents a lower alkyl group and 

n represents 0, 1, or 2 an aryl group, an aroyl group, 

a carboxyl group, a functional 
derivative group of a carboxyl group, a lower alkenyl group, 
a sulf amoyl 

a lower alkyl-substituted tetrazolyl group or a lower alkyl- 
substituted thiadiazolyl group, 


group , 

or a heterocyclic residue; and R^ represents 
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and the pharmaceutical!;/ acceptable salts thereof. 

The cephalosporin compounds of this invention have 

excellent antibacterial activity, particularly against gram 

negative bacteria. 

The invention also provides various processes for 

preparing the aforesaid cephalosporin compounds of general 

formula I # 

'A^ DESCRIPTION OF THE PREFERRED EMBODIMENTS 


Now, the functional derivative residue of carboxyl group 
1 2 

represented by R or R of general formula I means, for 
example, a carboxylic acid lower alkyl ester residue, a 
carboxylic acid aralkyl ester residue, a- carbamoyl group, a 
carbazoyl group (NHgNHCO^), a cyano group, etc. Also, the 
lower alkyl group in the general formula is a straight chain 
or branched alkyl group having 1-4 carbon atoms, such as 
methyl group, ethyl group, isopropyl group, n-butyl group, 
t ert-butyl group, etc. 

R^ of general formula I represents, as described above, 
a lower. alkyl-substituted tetrazolyl group or a lower alkyl- 
substituted thiadiazolyl group, and examples of the tetrazolyl 
group are a lH-tetrazol — 5-yl group, 2H-tetrazol — 5-yl group, 
etc., and examples of the thiadiazolyl group are a l,3 f 4<S 
thiadiazolyl group, a 1,2, 5- thiadiazolyl group, a 1,2,4© 
thiadiazolyl group, etc. 

Furthermore, the groups and residues represented by R 1 , 
R 2 , R-* and R^ of general formula I may have been substi- 

tuted when they can have substituents . For example, examples 
of the substituted groups or residues are an N-monoalkyl- 
carbamoyl group, an N-diaikyl carbamoyl group, and an alkoxy- 

Examples of .the aryl group are phenyl group, naphthyl 


-^1 group, etc. Examples of the aroyl group are benzoyl 
group, naphthoyl group, etc. 


carbonylamino group for R 1 ; a hydroxy alkyl group, a carboxy- 

alkyl group, an alkoxyalkyl group, an arylalkyl group, a 

2 

hydroxyphenyl group, and an alkoxyphenyl group for R ; and 

3 

an alkyl thio-substi tuted thiadiazolyl group, for R , etc. 

The compounds of this invention belong to 7-methoxy- 
cephalosporin derivatives as shown by general formula I and 
the most specific feature of the compounds is that the acyl 
group at the 7/S-position originates in 4-substituted methylene- 
1, 3-dithietane-2-carboxylic acid. The acylation by 4-membered 
ring carboxylic acid has not hitherto been known in the field 
of cephalosporin chemistry and, in particular, the 1»3^ 
dithietanecarboxylic acid itself used in- one of the processes 
for preparing the compounds of this invention shown below is 
a novel compound which has not been disclosed in any literatires. 

The objective compounds of this invention are prepared by 
the following various processes: 
CxProcess 1^ 

In the process, the compound^of this invention shown by 
C general formula I Ibe^prepared by reacting ^-substituted methylene- 

1,3-dithietane carboxylic acid represented by general formula II 



1 "2 

wherein R and R have the same significance as in general 
formula I 

k ^ | ^0 6^ and 7/3-amino-7o<--methoxy-3-heterocyclic thiomethyl-A 3 -cephem- 
^ 4-carboxylic acid represented by general formula III 
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Ill 


COOH 


wherein R has the same significance as in general formula I. 

In the reaction of the compound^ of general formula II and 
s 

the compound^jof general formula III, the compounds may be caused to 
react directly with each other in the presence of a condens- 
ing agent such as N,N'-dicyclohexylcarbodiimide, etc., but 

it is suitable to use the compound of formula II after 

1 2 

introducing known protective groups to R and R according 

12 s 
to the properties of R and R and also the compound^of 

formula III after introducing a known protective group to the 
carboxyl group at the 4-position. For example, when R 1 and/or 
R of the compound of formula II is a carboxyl group, the 
carboxyl group of the compound and also the carboxyl group 
at the 4-position of the compound^of formula III are protected 
beforehand by a triphenylmethyl group, a tert-butyl group, a 
benzhydryl group, etc., and further the v carboxylic 

acid at the 2-position of the compound of formula II or the 
amino group at the 7#-position of the compound of formula III 
are converted into the reactive derivatives prior to perform- 
ing the reaction. Preferred examples of the reactive 
derivative of the carboxylic acid are an acid halide, a 
mixed acid anhydride, an active ester, an active amide, am 
acid anhydride, an acid azide, etc. 

The compounds of general formula II are novel compounds 
and they are obtained by reacting 2, 2 '-substituted ethylene- 

40 


1,1-di thiol represented by general formula IV 



R 1 ^ • ^SH 


IV 

Qp^ f R"^ ^SH 


12 

wherein R and R have the same significance as in general 
formula I 

and dihalogenoacetic acid or the lower alkyl ester thereof 
represented by general formula V 


**** X 
gCtAY ^> CH-COOR 7 



7 

wherein X represents a halogen atom and R represents a 
hydrogen atom or a lower alkyl group 

and then, when the compound of formula V is the lower alkyl 
ester, releasing the alkyl or converting it to a reactive 
derivative. 

C The reaction of the compound^of formula II and the 

compound^ of formula III or. the reactive derivative thereof 
is usually carried out in an inert solvent under heating or 
cooling "but in order to avoid the epimerization of the methoxy 
group at the 7p(.-position during the reaction, it is preferred^ 
to perform the reaction at low temperature, particularly 
1>| %^ at temperatures below -20°C. 

The compound thus formed can be converted' into the 
<L> compound^ of formula I by removing the protective group Q r groups in 

an ordinary manner. 
CX> Process 2^^ == ^ 
• O vi In the process, the compound^ of general formula I^jt^ 

prepared by reacting 3-acetoxymethyl- or 3-carbamoyloxymethyl- 
^ { \ - 7j8-(4- substituted-1 , 3-dithietanecarboxamido)-7oC-inethoxy-^Q 
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cephem-^-carboxylic acid represented by general formula VI 



VI 


COOH 


wherein R and R have the same significance as in general 
formula I and R represents an acetyl group or a carbamoyl 
group 

and the heterocyclic thiol represented by general formula VII 
^ * 3 ^SH 1W VII ^ 

wherein R~* has the same significance as in general formula I 
or the alkali metal substitute thereof at the hydrogen atom 
of the mercapto group. 

The reaction is performed at room temperature or under 
heating usually in an inert solvent. Examples of the inert 
solvent are acetone, dime thylf ormamide , methanol , ethanol, 
water, and a phosphate buffer and, if necessary, they 

are used as a mixture of them. When "tfes ^compound of general 
formula VIllls used in the free state, it is preferred to 
perform the reaction in the presence of a base such as an 
alkali metal hydroxide, an alkali metal carbonate, an alkali 
metal hydrogencarbonate , trialkylajnine , pyridine, dimethyl- 
aniline, etc. After the reaction is over, the compound of 
formula I formed is isolated by acidifying the reaction 
mixture and recovering the precipitates thus formed or by 
subjecting the reaction mixture to a solvent extraction. 

In addition, ^bh^. compound of formula VI used in the 
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CLs process can be obtained by reacting thre compound of general 

. . formula II used in Process 1 and 7/3-ainino-7o6-methoxycephalo- 

, Li^ sporanic acid (R 6 in the formula is acetyl group) or 7/ff-amino- 
<€$0 f UU3-carbajnoyloxymethyl-7o(-raethoxy--A 5 -cephem-4-"Carboxylic acid 
(R in the formula is -C0NH o ) represented by general formula 


VIII 


OCH, 
! 3 



H 2 N 


COOH 


VIII 


wherein R has the same significance as in general formula VI 
similar 

under A . reaction condition as in Process 1. 


(La^ Process 3:^" 

^ «-*fe^compound of this invention shown by general formula 
I is also obtained by treating the 7oc-methoxy-3-heterocyclic 
thiomethylcephalosporin derivative represented by general 
formula IX 

0- 



IX 

COOH 

wherein R 2 and R 3 have the same significance as in general 

o 

formula I and R represents a hydrogen atom or a substituted 
or unsubstituted alkyl group 
under a basic condition. 

In addition, when R of general formula IX is hydrogen, 
the derivative of the formula includes the tautomer of the 
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4 


following formula 


HO ^ ^ R 2 



I 


SCH o C0NH 


2™ iA I IX 1 



COOH 


wherein R and are the same as above. 

_ ^ , . _ . A we ^ bases such as 

Proper bases used in this process arejAsodium hydrogen- 
carbonate, potassium hydrogencarbonate , sodium carbonate, etc. 
The reaction is usually performed in a solvent at room 
temperature or under cooling. Any solvents which do not affect 

the reaction may be used but preferably water or 
an organic solvent which are miscible with water, such 

as methanol, acetone, tetrahydrofuran, dimethylf ormamide , 
etc., are used singly or in a combination thereof. The 
isolation and purification of the product from the reaction 

mixture are performed by a conventional manner such as 
with 

extraction j/\ organic solvent, crystallization, column 


chromatography, etc . 

The compound/ of general formula IX used in the process 
K La. Aj^ 

exhibit^ an excellent antibacterial activity^ j b y it so lf a cr 

sjwe^-as-i^useful as (the. intermediate* Jf or the^jcompound* of 

formula I, Therefore, another object of this invention is 

to provide the intermediate compound^ which toas-^excellent 

antibacterial activity and ^be^useful for the production of 


the compound^of formula I and also to provide a process of 


preparing the intermediate compound^ 


The compound^of general formula IX ^jDrepared by, for 
example, the following processes: 
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Process 


P The compound^of general formula III may be reacted with 
a corresponding isothiazolylthioacetic acid or the reactive 
derivative thereof according to Process 1 of this invention. 
That is, the reaction is usually performed in an inert 
solvent such as, preferably, acetone, chloroform, methylene 
chloride, ethylene chloride, tetrahydrofuran, dimethylf orra- 
amide, acetoni trile , ethyl acetate, ethyl formate, etc. 
These solvents may be used singly or in a combination thereof, 
or, if the solvent is water-soluble, the solvent can be used 
as a mixture with water if no hindrance occurs in the reaction. 

The preferred examples of the reactive derivative at 
the terminal carboxyl group of iso thiazolyl thioacetic acid 
are an acid halide, a mixed acid anhydride, an active ester, 
an active amide, an acid anhydride, an acid azide, etc. When 
the terminal carboxyl group is a free radical, it is suitable 
to use a condensing agent such as N, N f -dicyclohexylcarbodiimide , 


<tyJ N,N f -diethylcarbodiimide , etc. Also, when R 2 of the isothia- 

zolyl thioacetic acid is a reactive group which may hinder 

the reaction, such as carboxyl group , hydroxymethyl group, etc., 

it is preferred to use the isothiazolylthioacetic acid in the 

reaction after introducing a conventional protective group to 

the reactive group. In this case, it is preferred to release 

the protective; group after obtaining the compound of formula IX, 

or after converting the compound of formula IX to the compound 
of formula 
Qx=*s Process B:4^ 


O \ The compound^ of general formula IX can be also obtained 

k by reacting ^jfee^corapound shown by general formula VIII and 

the corresponding isothiazolylthioacetic acid or the reactive 
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derivative thereof and then reacting the product with^^fe-h©* 
compound shown by general foxmula VII, according to Process 2, 
Cj^n Process C*L^ 


p 


The compound^ of general formula IX "Sx^further obtained 


by reacting^ known 7Q^-amino-7/5-iialoacetamido-3-heterocyclic 
thiomethyl-A -cephem--4— carboxylic acid shown by general formula X 

(6 ^ > 


OCH- 



\\0" 


,4 


X-CH 2 CONH- 





7- 

COOH 


X 


CH 2 S-R- 


wherein R has the same significance as above and X represents 
a halogen atom 

and «y%€ jL> compound shown by general formula XI 

r,2 





\ 


R 


8- 



XI 


SH 


2 \ 

wherein R and R have the same significance as above and 
R represents a hydrogen atom or a substituted or unsubstituted 
alkyl group 

under a basic condition. 

g 

In addition, when R of general formula XI is a hydrogen 
atom, the compound^of formula XI include^ the tautomer thereof 
shown by the following formula 

,2 

XI' 


\ 



wherein R has the same significance as above. 


The reaction is carried out usually in a solvent at 

room temperature or under cooling. Any solvents which do 

not take part in the reaction may be used without restriction 

but ordinary, water, methanol, acetone, te trahydrofuran, 

dimethylf ormamide or a mixture thereof is used as the solvent. 

s XI ur XI' 

The compound^ of formula/\ may be usually used as the alkali 

metal salt thereof at the mercapto group but when "fch^x compound 
XI or XI ' 

of formula /| is used as it is, the reaction is carried out 
in the presence of an aliphatic, aromatic or heterocyclic 
base such as trie thylamine , N, N-dime thylaniline , N-ethyl^ 
morpholine, pyridine, collidine, 2 , 6-lutidine , etc., or sin 
alkali metal carbonate or alkali metal hydrogencarbonate such 
as sodium carbonate, potassium carbonate, sodium hydrogen- 
carbonate, potassium hydrogencarbonate, etc. 

IX u r K' 

The compounds of general formul^/^ thus obtained are 
novel compounds. The compounds having an iso thiazolylacetamide 
group at the 7-position have hitherto been known in the 
chemistry of cephalosporins as described in, for example, 
U. S. ^ate^^No . 3 f 464/y99 /but the compounds of the specific 
structure having an isothiazolylthioace tamide group which 
CBxx be converted into a 1 , 3-dithietanecarboxamide group have 
not yet been known. 

The compounds obtained by the invention exhibit excellent 
antibacterial activity, particularly against gram negative c 
bacteria as shown below. 
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of 





( r /m 

V /III 

11 



X-J O w 1 1 X. _X.V~XL_1-CX 

T? 1 Vi e-ipll 

XX^. U O -1- V^- -X» -X. ex 



Seirati; 

Example No. 

Coli NIHJ 

pneumoniae 

vulgaris 

morganii 

marcesi 



ATCC 10031 

OXK US 

Kono 


1 

0.2 

0.2 

•1.56 

1.56 

3.13 

2 

0.78 

1.56 

3.13 

12.5 

6.25 

4 

0.78 

0.78 

3.13 

6.25 

6.25 

5 

0.09 

0.09 

0.78 

1.56 

0.78 

6 

0.09 

0.09 

0.39 

0.78 

0.39 

7 

0.78 

0.39 

0.78 

6.25 

6.25 

8 

0.09 

0.09 

0.39 

0.39 

0.39 

9 

0.19 


0.39 

0.78 

0.78 

11 

0.19 

0.19 

1.56 

0.39 

0.39 

12 

0.78 

0.39 

0.78 



14 

, 0.19 

0.19 

1.56 

1.56 

0.78 

15 

0.19 

0.19 

1.56 

3.13 

0.78 

16 

0.39 

0.39 

0.78 

6.25 

6.25 

17 

0.39 

0.39 

0.78 

0.39 

12.5 

18 

0.78 

0.78 

3.13 



19 

0.19 

0.09 

0.78 

0.39 

1.56 

22 

0.78 

0.39 

0.78 

3.13 

3.13 

23 

1.56 

1.56 

1.56 

6.25 

6.25 

24 

0.39 

0.39 

0.78 

3.13 

0.78 

25 

0.19 

0.09 

0.78 

0.39 

0.39 

26 

0.78 

. 39 

1.56 

1.56 

0.78 

29 

0.78 

0.78 

1.56 

6.25 

1.56 

30 

0.09 

0.20 

0.78 



32 

< 0.20 

0.20 

0.78 

0.78 

0.39 
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The compounds of formula I obtained in this invention 

can be easily converted into the pharmaceutically acceptable, 

non-toxic or effective salts thereof. These salts includes 

salt or 

the alkali metal salts such as sodium or potassiun/salts (for 

example, using sodium or potassium 2-ethyl hexanoate), 

salt or salt or 

ammonium^salts , and organic amine^salts such as those with 

procaine or ethanolamine which can be prepared by one skilled 

in the art according to known, manners. 


Moreover, the pharmaceutical compositions having an 
actibacterial activity comprising a pharmaceutical carrier 
and an active but non-toxic amount of the compound of formula 
I as well as the methods of combatting bacterial infections 
by administering such a pharmaceutical composition to an 
infected animal or human host in an non-toxic amount 
sufficient to combat such infections are also the objects 
of this invention. 

The compounds of this invention may be admins tered orally, 
rectally, or by injection such as subcutaneously , intra- 
muscularly, or intravenously. 

The injection of suitably prepared sterile solutions or 
suspensions containing an effective but non- toxic amount of 
the cephalosporin compound of this invention is the preferred 
route of administration. 

The d^ses of the cephalosporin compound of this inven- 

are usually 25oi^ 3000 mg. per. day for an adult and 
tion^can be variously^changed according the condition of 

disease, the age, weight, and the state of the patient. 
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Then, the invention will further be described in more 
detail by referring to the following examples. 
^C^C4j^ Example 1 

In 10 ml. of liquid ammonia was suspended 270 mg. of 
O 4-carboxy-5-ethylthio-3-hydroxyisothiazole • A,f tei^ AoHring , 

%\ the suspension to -50°C. and adding thereto 100 mg. of metallic 

sodium, the mixture was stirred for 30 minutes at temperatures 
J \ 4 13) of from _5o°c. to -33°C 

Liquid ammonia was distilled off from the reaction 
mixture, the residue obtained was dissolved in 20 ml. of 
b**^' methanol, ^10 ml. of a methanol solution of 600 mg. of 

4 © bromoacetamido-7°<.-me thoxy-3-(l-methyltetrazol — 5-yl ) thiome thyl- 
/^-cephem-4-carboxylic acid was added dropwise to the solution 
under ice-cooling, and after stirring the mixture for 30 
minutes under ice-cooling, the mixture was further stirred 
for 30 minutes at room temperature. After the reaction was 
over, the reaction mixture was adjusted to pH 4 with 4 normal 
hydrochloric acid and then the reaction solvent was distilled 
off under reduced pressure. 

To the residue formed was added water and after adjusting 
the mixture to pH 1 with 4 normal hydrochloric acid, the 
product was extracted with* 50 ml. of a mixture of butanol and 

ethyl acetate of 1 : 1 by volume ratio. . The organic layer 

each^^**-^ 

formed was washed twic^/with water, then once 

with a saturated aqueous sodium chloride solution, dried 
over anhydrous magnesium sulfate, and then the solvent was 
distilled off under reduced pressure. To the residue was 
added 30 ml, of ether and the precipitates formed were recovered 
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times 

by filtration, washed three/ eachVwith 20 ml. of ether, and 
dried under reduced pressure to provide 560 mg. of the powder 
* Cl^^ of 7/3-( 4-carboxy-3-hydroxyisothiazol — 5-yl ) thioacetamido-7 6 ^ 
me thoxy-3-( 1-methyltetrazol — 5-yl ) thiomethyl-Zl 3 -cephem-^ 
carboxylic acid. 

Nuclear magnetic resonance spectra (Dg-DMSO) 


<5(p.p.m.): 3.41 (3H), 3-58 (2H), 3-93 ( 3H) , 3-99 (2H), 
7 4.28 (2H), 5.10 (1H). 
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4 


Oil 


^ Example 2 


|> HO , , NH 2 <j 0H 3 „ 

A OA IL-sch 2 conh- " 

o x s 


N N 

II 'I 
CH~S — ^..^N 


COOH OH- 


P After cooling 40 ml. of liquid ammonia to -70°C, I83 mg. 

l> of 4-amiho-5-ethylthio-3-hydroxyisothiazole., ©jadr-^ei* 55 mg. 

Hi*- 

^ of sodium was added to^liquid ammonia. The mixture was 

stirred for 10 minutes at the same temperature and then 
'^fc^ liquid ammonia was distilled off. To the residuenwas added 

^ o O^JL^J 

#0 15 ml. of methanol followed by cooling to 2 C. *A«-d^l5 ml. of 

a methanol solution of 300 mg. of 7|#-bromoacetamido-7<X- ^ 

me thoxy-3-( 1-me thylte trazol — 5-yl ) thiome thyl-^-cephem-4^) 

carboxylic acid was added dropwise to the mixture over a 

period of 30 seconds followed by stirring for 10 minutes at 

the same temperature. The solvent was distilled p^^Lnder 

reduced pressure and after adding 15 ml. of water to the 

residue, the mixture was adjusted to pH 2.5 by adding 5fo 

hydrochloric acid. The precipitates formed were 

extracted with 100 ml. of a mixture of n-butanol 

and ethyl acetate of 1 : 1 volume ratio and the extract was 

with 

washed with water and therj/k saturated aqueous sodium 
chloride solution, and dried over anhydrous magnesium sulfate. 
The solvent was distilled off and the residue formed was 
subjected to a silica gel column chromatography to provide 
Q* 2 ^ 180 mg. of 7/3- ( amino- 3-hydroxyi sot hiazol-5-yl) "thio ace tarn ido- 
jbX 4b 7/?-methoxy-3-(l-methyltetrazol — 5-yl ) thiome thyl-Z^ 3 -cephem- 
4-carboxylic acid using a mixture of chloroform, methanol, 
o and formic acid of 8 : 2 : 0.2 by volume ratio as the elu^nt. 
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ft 


1 



HO 


Nuclear magnetic resonance spectra (Dg-DMSO) 
£(p.p.ra.): 3.36 (3H), ' 3-54 (2H), 3-58 (2H), 
3.94 (2H), 4.30 (2H), 5.09 (1H). 

Example 3 

NHCOOCgH^ OGH, 



PL 


By following the same procedure as in Example 2, 50 mg. of 

b"Lr 7/3- ( 4-ethoxycarbonylamino-3-hydroxyisothiazol-5-yl)thio - 

(^(n acetamido-7#.-inethoxy-3~ ( 1-me thyltetrazol — 5-yl) thiomethyl- 

was obtained 

A 3 -cephem-4-carboxylic acid/from 300 mg. of 4-ethoxycarbonyl- 
^ — amino-5-ethylthio-3-hydroxyisothiazole and 300 mg. of 7/3-5 

bromoacetamido-7cC-methoxy-3»(l-methyltetrazol-5-yl)thiomethyl. 


A -cephem-A-carboxylic acid. 


p. 


iP Nuclear magnetic resonance spectra (D^-DMSO) 


L 


6 


cf(p.p.ra.): 1.14 (3H)., 3-38 (3H), 3.60 (2H), 3-81 (2H), 
3-92 (3H), 4.06 (2H), 4.29 (2H), 5.11 (1H). 
Example 4 


H0- 


J 


■C0NHNH 2 
-S0H 2 C0NH 


OGH 


\ 



By following the same procedure as in Example 2, 100 mg. 
of 7/3-(^-carbazoyl-3-hydroxyisothiazol-5-yl)thioacetamido- 
7<X/-methoxy-3-( l-methyltetrazol-5-yl )thiomethyl- A -cephem- 

4- carboxylic acid was obtained from 220 mg. of 4- carbazoyl- 

5- ethylthio-3-hydroxyisothiazole and 4-00 mg. of 

7/3-bromoacetamido-7oC-methoxy-3-(l-methyltetrazol-5 ( rj' 

bO 
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yl ) thiome thyl- A 3 -cephem-4-carboxylic acid . 

Nuclear magnetic resonance spectra ( D^-DMSO) 
pk> ^(p.p.m.): 3.39 (3H), 3.63 (2H), 3.90 (2H), 3-93 (3H), 

£^ 4.30 (2H), 5.13 (1H). 
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Col 


Example 3 


HOOC^ 

^C=C^ ^CHCONH 


CH^ ^S- 


f 



(a). In 15 ml, of methylene chloride were dissolved 


0.340 g, of 4- (l-( tert-butoxycarbonyl) e thylidene)-l , 


tane 


* And - 


dit'hie/| -2-carboxylic acid and 0,206 g. of pyridine. ^ 

while stirring the solution in an ice-water bath, 0.284 g. 

chloride 

of phosphorus pent a/ was added to the solution. The 

reaction was carried out for one hoxxr at temperature below 
10°C. and then after cooling the reaction mixture to -50°C, 

if to 

a solution of 0,690 g. of 7/3-ajnino--7^-methoxy-3-(l-methyl- 

tetrazol -5-yl ) thiomethyl-£?-cephern-4-carboxylic, acid benz- 

hydryl ester in 10 ml. of methylene chloride was added 

dropwise to the solution and then 1.6 ml. of pyridine was 

& added dropwise and the mixture was caunod to- rcac - t^ f or one hour at 

SlO 7^ temperatures of from -30°C. to -40°C. 

After the reaction was over, 10 ml. of 5 normal hydro- 

chloric acid was added dropwise to the reaction mixture below 0°C. 
and 

^/the product was extracted with methylene chloride. The 
extract was washed with a saturated aqueous sodium chloride 
solution, , dried over anhydrous calcium chloride, and 

then methylene chloride was distilled off to provide 1.1 g. 
of a residue. The residue was subjected to a silica gel 
column chromatography and then 0.490 g. (yield 47^) of 
-V % r l caramel-like 7/3- {4- £L-( tert-butoxycarbonyl) ethyl idenej~l , 3-) 
dithietari-2-yl)carboxamido-7o^raethoxy-3-(l-methyltetrazol — 

4o 
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5-yl) thiomethyl-Z^-cephem-4-carboxylic acid benzhydryl ester 
was obtained using a mixture- of ethyl acetate and n-hexane 
of 1 : 1 by volume ratio as the eluj^nt . 

Nuclear magnetic resonance spectra (D^-DMSO) 

d~(p.p.m.): 1.44 (9 H, ter t-butyl) , 


O 






1.56 (3H, 


-00C 



3.49 (3H<^OCH 3 ), 



6.92 (1H, f v®3 C 6 H 5 ) 2 ) » 


9.68 (1H, j-CONH-). 


^0 


(b) • In 25 ml. of anisole was dissolved 0.44 g. of the 
product obtained in step (a) and while cooling the solution 
below 5°C. with ice-water, 7.5 ml. of trif luoroacetic acid 
was added dropwise to the solution* The reaction was performed 
for one hour at 5j7^0°C, anisole and excess trif luoroacetic 
acid were distilled off under reduced pressure, and the residue 
was powdered by adding thereto ether. After recovering the 
powder by filtration, the powder was washed well with ether 
to provide 0.271 g. (yield 86.7^) of the light yellow powder 
f: \ of 7/3- C4-(l-carboxyethylidene)-l, 3-di thietan — 2-yl) carboxamido- 
k>6 £^ 7oC»methoxy-3-(l-methyltetraaol — 5-yl ) thiomethyl-A 3 -cephem-4^ 

carboxylic acid. 

p — ■■ ■ 

' Nuclear magnetic resonance spectra (Dg-DMSO; 

: = ), 3.41 (3H, — 0CH 3 ), 


^(p.p.m.): 1.56 (3H, C¥L^- 


3,93 (3H, 


I 

CH- 


), 
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5.13 (2H, H of C 6 and =<( , 

s 


9.57 (1H, ^-CONH-) 

-1, 


J> Infrared spectrum (KBr) (cm ) 

1870 (lactam). 
Reference example 1: 

f 


In a 100 ml. three-necked flask were placed 4-0 ml. of 

dime thoxy ethane and 10 ml. of tetrahydrof uran b^^were 

deoxygenated by distillation. u ftnd — whilo pooling 

^X^P the mixture below -70°C. by a dry ice acetone bath in nitrogen 

stream, 1 ml. of n-isopropylcyclohexylamine and 3*43 nil. 

of a 15% "n-butyl lithium n-hexane solution were added to 

the mixture. Then, after adding thereto 0.65 g. of tert^) 

carried out 

butyl propionate, the reaction was f\ for about 30 minutes 

at temperature below -70°C. with stirring. To the reaction 
mixture was added dropwise 0.332 ml. of carbon disulfide at 
temperatures of from -75°C. to -73°C. over a period of about 
30 minutes. The reaction was further carried out for 10 
minutes at temperature below -70°C . and then 3.4 ml. of 

a 15% n— butyl lithium n-hexane solution was added dropwise 



to the reaction mixture at temperature below -70 C. over a 

period of about 30 minutes. After carrying out the reaction 

Sly ^J^> f or 15 minutes at temperature below -70°C, sodium diiodoacetate 

obtained beforehand by reacting0.24 g. of 50fo oily sodium 

hydride and 1.56 g. of diiodoacetic acid in 10 ml. of dimethoxy- 

O ethane under ice-cooling, was added to the reaction mixture 

and the mixture was stirred overnight at room temperature. 

The solvent was distilled off from the reaction mixture 

adding cold ether to 
under reduced pressure and afteiyl _ the residue and 
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1r 
1 



acidifying the residue with 1 normal hydrochloric acid, the 

product was extracted with ether. The ether extract was 

washed well with a saturated aqueous sodium chloride 

solution , dried over anhydrous magnesium sulfate, and then 

ether was distilled off to provide 1.42 g. of a brown oily 

product. The product was subjected to silica gel column 

chromatography and 0.5 g. of oily 4-Cl-( tert-butoxycarbonyl")^ 

ethylidene^)-l, 3-di thie tane-2-carboxylic acid was obtained 

using a mixture of chloroform,: methanol, and formic acid 

A. 

of 95 : 5 : 2 by volume ratio as the elufcnt. 

Nuclear magnetic resonance spectra (Dg-DMSO) 
cT(p.p.m.iH ■ 1.42 (9H„ tert-butyl) 

1 -ooc. 

1.53 (3H, >=) 

CH- 


5.14 (1H, 


CH- ) 


-1, 


Infrared spectra (cm ): 


2970 ( tert-butyl) , 
2520-^2650 Q,-C00H) , 

l640°-/l740 (-COO-tert-butyl , -C00H) , 
1360, 1250, and 840 (tert-butyl) 
CJlMl, Example 


0CH 


\ 


H00C 
CH 3 


C=C: 


: CHC0NH 



COOH 


(a). In 5 ml. of tetrahydrofuran were dissolved 0.7g. 
; -<T*»3 of 7 y 5-amino-7c<-methoxy-3-(l-methyltetrazol — 5-yD thiomethyl- 
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lob 


k 


p 



/£-cephem-4-carboxylic acid benzhydryl ester and 0.35 g. of 
4- f ( tert-butoxycarbonyl) (me thoxy )me thylene}-l , 3-d i thietane- 
2-carboxylic acid and after adding thereto 0.3 g- ofy^dicyclo- 
hexylcarbodiimide under ice-cooling, the mixture was stirred 
for two hours at room temperature. Insoluble ffiattor - e were 
filtered off and the filtrate was concentrated under reduced 
pressure. The residue was subjected to a column chromato- 
graphy and 0.36 g. of 7/3- {4- C( tert-butoxycarbonyl ) (methoxy ) - 
methylene^)-l, 3-dithietan — 2-yl} carboxajnido-7^-me thoxy-3-( l]g) 
methyltetrazol — 5-yl ) thiomethyl-A 3 -cephem-4-carboxylic acid 
benzhydryl ester was obtained using a mixture of benzene and 
ethyl aceate of 85 : 15 by volume ratio as the elu^nto 
Nuclear magnetic resonance spectra (CDCl^) 
J(p.p.m.): 1.50 (9H, tert-butyl) 
3.59 (3H)\ 
3.64 (3H) 


-00C 


OCH^ of Cj and 


V 
CH3O/ 


3.82 (3H, 


•N 
I 

CH- 


) 


4.38 (2H, -CH 2 S- of C 3 ), 

4.77 (1H,=< .CH- ), 
^3 


5.07 (1H, H of C 6 ), 
6.92 (1H, £@C 6 H 5 ) 2 ), 
7.2^7'.5 (10H, icH(C 6 H 5 ) 2 ) 



(b). In 1.7 ml. of anisole was dissolved 0.23 g. of the 

product obtained in step (a) and while cooling the solution 

to temperature of from -5°C to -10°C, 5.1 ml. of trifluoro- 

acetic acid was added gradually followed by stirring for 30 
\ *o 

minutes at'O-i-8 C. 


- 24 - 


<2 S\ 


The reaction mixture was concentrated under reduced 
pressure, ether was added to the residue, and the faint brown 
powder formed was recovered by filtration. The powder was 
washed well with ether and dried under reduced pressure to 
provide 0.12 g. of 7jB-{A- C ( carboxy ) (methoxy)methylene3c^ 
1, 3-dithietan — 2-yl}carboxamido-7oC-raethoxy-3-( 1-methyl^ 
tetrazol — 5-yl) thiomethyl-A^-cephem-4-carboxylic acid. 
\ Nuclear magn etic resoance spectra (D^.-D MSO) 
(^(p.p.m.): 3.42 (3H, 


— 0CH 3 of Cj) 
-00C. 

3.55 (3H, >= ), 


3.85 (3H, 


CH 3 0' 


N 
I 

CH- 


), 


1\ 7^ 


5.16 (2H, H of C 6 and 


•CH- 


9.59 (1H, ^CONH- ). 


^X^, Reference example 2; 



(CH 3 ) 3 COOG 
CH 3 0- 


:c = c 


CHCOOH 


A mixture of 4.5 g. of tert-butyl methoxyacetate and 
10 ml. of tetrahydrofuran was added to a lithium diisopropyl- 
amine solution prepared by adding 18,2 ml. of a 15$ n-butyl 
lithium hexane solution to a mixture of 3 g. of diiso- 

propylarnine and 20 ml. of tetrahydrofuran at temperature of 
from -40°C. to -70°C. and then after adding thereto 0.9 ml. 


of carbon disulfide at temperature below -40°C. f the resultant 
mixture was stirred for 20 minutes at the same temperature. 
Then, after adding to the reaction mixture <e btaino& the 
lithiiun diisopropylamine solution of 1/2 of the aforesaid 
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3) -i-TrS 


•I 


' dij3ul£ id© 

amount and carbon/\ - of 1/2 of the aforesaid amount at 

o .™ 

temperature of from -40 C. to -70 C. to cause reaction, the 
lithium diisopropylamine solution of 1/4 of the aforesaid 
amount and carbon disulfide of 1/4 of the aforesaid 

amount jv^re further added to the mixture to cause reaction, 
'- and th ei* 9 g. of sodium diiodoacetate was added to the reaction 
mixture followed by rising ^ gradually the temperature 
and stirring for one hour at 0^p°G. and further for one hour 
at room temperature. The reaction mixture obtained was 
concentrated under reduced pressure and after adding 20 ml. 
of 10fo hydrochloric acid to the residue formed, the product 
was extracted with 100 ml, of benzene. The extract was 
washed with water and concentrated under reduced pressure. 
The residue formed was subjected to a silica gel column 
chromatography and 5.6 g. of 4- C ( tert-butoxycarbonyl) (methoxy)- 
methylene}-!, 3-di thietane-2-carboxylic acid was obtained 
using a mixture of chloroform and ethanol of 10^\_2-5 by 


volume ratio as the elu^nt 


Nuclear magnetic resonance spectra (CDCl-^) 
<£(p.p.m.): 1.52 (9H, (CH^COOC- ), 
^ 3.67 (3H, CH 3 0- ), 

4.88 (1H, =CCT ^CH- ) , 


8.64 (1H, -C00H). 

r i v i ' A 

W \z |^ Example 7 



HOOC^ 


c=c 
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• 


(a). By. treating 0*8 g. of 7y5-amino-70C-methoxy-3-(lO 
me thylte trazol — 5-yl ) thiome thyl-Zv -cephem-4-carboxyli c acid 


f' benzhydryl ester and 0.8 g. of 4- £ (benzoyl) ( tert-butoxycarbonyl) - 

methylene}-! , 3-di thie tane-2-carboxylic acid as in Example 6-(a) , 
(* ( I' 0.35 g. of 7yS-{4- [(benzoyl) ( tert-butoxycarbonyl)methylene^j 

^6 1 f 3-di thi e tan — 2-yl) carboxamido-7<*-me thoxy-3- ( 1-me thyl- 
\Jq tetrazol — 5-yl) thiomethyl-A 3 -cephem-4-carboxylic acid 
benzhydryl ester was obtained. 

Nuclear magnetic resonance spec tra (CDCl^) 
(• > tKp.p.m.): 1-24 (9H, tert-butyl) , 


3.60 (3H,-C5^ BCH 3 ) , 


\ 



3.82 (3H, 


I 

CH. 


4 . 39 jjgH^ jgpH^S^ of C 3 2^ 

of CV and 


5.00 (1H) 


5.09 (1H) 


} - 


CH- 


6.92 (1H, ^Cg(C 6 H 5 ) 2 ),. 

7-2^J.6 (15H, H of aromatic ring), 

~ u_- 7.77 (1H, nCONH- ). 

D 0.23 g\ of 

\ (b). By treating /|the product obtained in step (a) as in 
Example 6-(b), 0.13 g- of 7/3- {4- [(benzoyl )( carboxy) me thylenej- 
1, 3-dithietan — 2-yl} carboxamido-7C<-methoxy-3-(l-niethyi- 
tetrazol —5-yl) thiomethyl-A^-cephem-A-carboxylic acid. 
Nuclear magnetic resonance spectra (Dg-DMSO) 

\ 


(p. p.m.): 3.46 (3H,^3?>CH. ), 

-4*-± ^- 



<2> 4.32 (2H, ^CH 2 ^ of C 2 ), 
L 5.19 (1H, H of C 6 ), 


- 2? - 


3& 



\ 


5.41 (1H, 


OH- ), 


PS 7.48 (5H, C 6 H 5 -OC- ), 
I 9.72 (1H, -CONH- ) . 


Reference example 3: 


r 



In a mixture of 2.2 g. of tert-butyl benzoylacetate and 


20 ml, of tert-butanol was dissolved 0,24 g. of sodium 

oil) ,and 

hydride (50^ inA 0.6 ml. of carbon disulfide was added 


to the solution at 15i20°C. followed by stirring for 40 minutes, 
i and then 0.24 g. of sodium hydride(502? in oil >/as^added to 
the mixture followed by stirring for one hour. To the 
reaction mixture obtained was added 1.52 g. of sodium dichloro- 
acetate followed by stirring for 4 hours at room temperature. 
The reaction mixture was concentrated under reduced pressure 
and after adding 30 ml. of 1 normal hydrochloric acid to the 
residue formed, the product was extracted with 30 ml. of 
benzene. The extract was washed with water, dried, and 
concentrated under reduced pressure. By adding a mixture 
of benzene and n-hexane of 3 : 1 by volume ratio to the 
residue formed, 0.9 g. of the yellowish crystals of A^Q 
C(benzoyl) ( tert-butoxycarbonyl)methylene}-l , 3-dithietane-2- 
carboxylic acid were obtained. 

L _ Example 8 


\ 


% 


HOOC 


CH^S 


C=C 



(a). In 10 ml. of anhydrous tetrahydrofuran were dissolved 

0.3 e. of 4-f( tert-butoxycarbonyl) (methyl thio)me thylene^?-l , 3?D 
v N ,N ' - 

40 dithietane-2-carboxylic acid, 0.2 g. of /jpLicyclohexylcarbodiimide , 

and 0.5 g. of 7/S-amino-7^-methoxy-3r-(l-methyltetrazol — 5-yl)- 

Gfe thiomethyl-A 3 -cephem-4-carboxylic acid benzhydryl ester „ 

Then the solution was stirred for one hour at room temperature. 

The solvent was distilled off under reduced pressure. The 

residue formed was subjected to a silica gel column 

chromatography and 0.3 g- of 7/5- {4- (( tert-butoxycarbonyl)-. 

" (methyl thio)methylene}-l, 3-dithietan — 2-ylJ-carboxamido-7«X-0 

(/% methoxy-3-(l-methyltetrazol -5-yl) thiomethyl-Zf -cephem-4£^ 

carboxylic acid benzhydryl ester was obtained using a mixture 

O of benzene and ethyl acetate of 9 : 1 by volume ratio as the elu/^nt 

Nuclear magnetic resonance spectra (CDCl^) 

} 47 cT(p.p.m.): 1.52 (9H, tert-butyl) , 

) 2.22 (3H, CH.S T ), 

L V in \ i 

3.78 (5H, ^OCH^ and ^CH^ of C 2 ), 


\ 


i.82 (3H, ^N-^ ), 
CH 3 


rffftf A' 24 (2H ' - CH 2 S_ ° f C 3 

4.72 (IH, ==^^>CH- ), 



5.08 (IH, H of C 6 ), 
6.92 (1H,^@C 6 H 5 ) 2 ), 
7.35 (10H, ^CH(C 6 H^) 2 ), 
7.80 (IH, ^CONH- 
(b). In 1.5 ml. of anisole was dissolved 0.3 g. of the 
product obtained in step (a) and while stirring the 

bigyo solution at -5°C, 5 ml. of trif luoroacetic acid was added 

dropwise to the solution at temperature of from -5°C to -3°C 
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followed by stirring for one hour at 0-3 C. The reaction 


mixture was evaporated to dryness under reduced pressure 
and. ether was added to the residue formed. The precipitates 
were recovered by filtration and washed well with ether and 
dried . over phosphorus pent.oxide under reduced 

tlBSg pressure to provide 0.17 g. of 7/2-{4-C( carboxy) (methyl thio)- 
cj £ Q methylene)-l, 3-dithietan — 2-yljcarboxamido-7^-methoxy-3-(l© 

methyltetrazol — 5-yl) thiomethyl-A 3 -cephem-4-carboxylic acid. 
^ Nuclear magnetic resonance spectra (Dg-DMSO) 

fV / cT(p.p.m.): 1.16 (3H, CH^- ), 

3.43 (3H, sioCH-.), 
3.62 (2H, -CH 2 - of C 2 ) , 


3-94 (3H, 



IP 


N' 
I 

CH- 


Reference example 4 


Tlo^-CH^of D 3 ), 

a^oajiH^ h of ), 

5.16 (ih,.=^^:ch- ), 



9.65 (1H, -CONH- ) 


o^ 


(CH 3 ) 3 C00C, 


C = c: 


CH 3 S 


S 


.CHC00H 


P In 14 ml. of anhydrous tetrahydrof uran was suspended 
0.96 g. of sodium hydride (.5C$ in oil). After 
adding dropwise a mixture of 20 ml. of tert-butanol and 15 
ml. of anhydrous tetrahydrof uran to the suspension, the ' 
mixture was stirred, for 10 minutes at room temperature. Then, 
to the mixture was added a mixture of 1.62 g. of tert-butyl 
methylthioacetate and 5 ml. of anhydrous tetrahydrof uran at 
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3-5°C. and after 30 minutes, 0.6 ml. of carbon disulfide 
was added to the mixture at the same temperature followed by- 
stirring for 50 minutes. Then, 3-34 g. of sodium diiodoacetate 

was added to the mixture at temperature below 7°C. and they, 
to react 

were caused/|for 50 minutes under ice-cooling. The solvent 


was distilled off under reduced pressure, the residue formed 

was dissolved in 50 ml. of ice-water, and the solution was 
each 

washed twic^with ether. The aqueous layer formed was 
recovered, adjusted to pH 2 with 10fo hydrochloric acid, dried 
over anhydrous magnesium sulfate, and then ether was distilled 
off under reduced pressure. The residue was subjected to a 
silica gel column chromatography and 1.3 g* of oily 4- £(tert- 
butoxycarbonyl) (methylthio)methylenejl-l, 3-dithie tane-2fe> 
carboxylic acid using a mixture of chloroform, methanol, and 
formic acid^by volume ratio as the^ aluoirt » 


Nuclear magnetic resonance spectra (CDCl^) 
cT(p.p.m.): 1.52 (9H, (CH^COOC- ) , 
2.22 (3H, CH 3 S,t ), 

) 4.74 (1H, — ">CH- ), 


9.12 (1H, ^COOH ), 



(a). By treating 0.15 g. of 4- ^(-tert-butoxycarbonyl) ^ 
(ethylthio)methylene]-l f 3-dithietane-2-carlaoxylic acid, 0.1 g. 

1 
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^0 of /j&icyclohexylcarbodiimide , and 0.26 g. of 7/?-amino-7^t_^ 
\ ^ bo 

me tilox y~3-( l-methyltetrazol ~5-yl ) thiomethyl-Zir -cephem-4- 

carboxylic acid benzhydryl es.ter as in Example 8-(a), 0.14 g. 

Cj^ ^ r j of 7/?~{4- C ( tert-butoxycarbonyl) (ethylthio)methylene^--l, 3© 

dithietan — 2-yl} carboxamido-7^-me thoxy-3-( 1-methylte trazol- 

5-yl ) thiomethyl-^ ~cephem-4-carboxylic acid benzhydryl ester 

was obtained. 

Nuclear magnetic resonance spectra (CDCl^) 

/(p. p.m.): 1.22 (3H, C^CHgS^, ) , 

1.52 (9H, tert-butyl), 

2.68 (2H, CH 3 Q^^) f ^ 

1:11 fefef )°, 2 and w 0CH ^ 

4.38 (2H f ' ^pH Q - of C 2 ), 




5.08 (1H, H of C 6 ), 
6.92 (1H, ^C^C 6 H 5 ) 2 ), 
7,32 (10H, v* CH < c ggj>2. 5 


7.79 (lH f ^CONH- ). 

a mixture of 

(b)c By treating/0.14 g. of the product obtained in 


step (a), 1.5 ml. of anisole, and 5 ml . of trif luoroace tic 
k2v5g& acid as in Example 8-(b), 0.07 g. of 7/?- {4- ( ( carboxy ) 

^ -i^"' ( ethyl thio )me thylenej -1, 3~dithietan — 2-yl} carboxamido-7c< r >) 
me thoxy-3-( l-methyltetrazol — 5-yl ) thiome thyl-A 3 -cephem-4-^ 
carboxylic acid was obtained. 

p 

•• "•; ^ Nuclear magnetic resonance spectra (D^-DMSO) 

X ^ U7 6(P-P-ni.): 1.14 (3H, CH^CH 2 ^- ), 

( . 1 2.62 (2H, CH^HgS-j ), 
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3-43 (3H,^OCH 3 ), 
3.61 (2H, ^CH ^ of C 2 ), 



\ 


9.64 (1H, -CONH- 

V 


Reference example 5: 


0^ 


(CH 3 ) 3 COOC. 


CH 3 CH 2 S / 


C = C 


S- 


CHCOOH 


By treating 3.4 g. of tert-butyl ethyl thioacetate as in 

■£•05 g. 

Reference example 4, /\ of oily 4- L ( tert-butoxycarbonyl)< 
( ethyl thio)methylene}-l, 3-dithietane-2-carboxylic acid was 
obtained . 

P Nuclear magnetic resonance spectra (CDCl-^) 

1.42 (3H, CH,CH 9 S- ), 
1.52 (9H, (CH 3 ) 3 COOC^ ), 
2.68 (2H, CH.CH^S- ), 

-> *ZS3>- 



J(p.p.m. ) 

IS) 



9.52 (1H, jjjjjOOH ). . 
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7 


Example 10 


"7 


OCH 


\ o 


CH.OOC\ /S 

3 G=rC 
CH 3 OOC^ ' 



4fe 


In 5 ml. of methylene chloride was dissolved 400 mg. of 

4-£bis(methoxycarbonyl)methyleneJ~l , 3-di thietane-2-carboxylic 

acid. A.fter adding thereto 180 mg. of pyridine and further 

290 mg. of phosphorus pentachloride under ice-cooling, the 

mixture was stirred for 30 minutes. The solution was added 

tp a solution prepared by dissolving 500 rng. of 7/3 -amino -7^- 

methoxy-3-(l-methyltetrazol -5-yl ) thiomethyl-/5?-cephem-4- 

carboxylic acid benzhydryl ester in 10 ml. of methylene 

chloride .and cooling the solution to -20°C. to -30°C . # v^uidr- 

yL* -bL^ same 

* then - t - h o^mixture was^stirred for one hour at the/ temperature . 

The reaction mixture was washed successively with 10 ml. of 


water, 5 ml. of diluted hydrochloric acid, and 5 ml . of 

then 

water ,/^dried over anhydrous magnesium sulfate, and distilled 
under reduced pressure. The residue was subjected to a 
^2 — silica gel column chromatography to provide 450 mg. of 7/3- 
^rSSfl 5*(> j [4-{bis(methoxycarbonyl)methylene]-l, 3-dithietan -2-ylj- 
<>, , . carboxamido-7o(r-methoxy-3-(l-methyltetrazol -5-yl ) thiomethyl- 

Z^-cephem-4-carboxylic acid benzhydryl ester using a mixture 


of chloroform and ethyl acetate of 6 : 1 by volume ratio as the 
elu^nt. 

Nuclear magnetic resonance spectra (CDCl^) 


y ifj J(p.p.m.): 3-58 (5H; CH 3 0^ of C ? and ^CH 2i ^of C 2 ), 

3.80 (6H, 


£dC0°CH 3 ) , 
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P 


5.07 (1H, 
6.93 (1H, 

7.36 (10H, 


I 


SjKCgH > 2 >. 


H of phenyl of & CH(C H ) ), 


In a mixtui^e of 4 ml. of trif luoroacetic acid and 1 ml. 

v?fe^ of anisole was dissolved 400 mg. of 7/#-£4-{bis(methoxy- 

k ^ ' I £c> carbonyl)methylene}-l , 3-dithie tan -2-yl) carboxamido-7f>c4J 

^ methoxy-3-(l-methyltetrazol -5-yl) thiome^yl-A 3 »cephem~4^) 

C carboxylic acid benzhydryl ester, &a d tho ^solution was stirred 

for one hour under ice-cooling. The reaction mixture was 

evaporated to dryness and the residue was mixed with ether. 
The product was 
^recovered by filtration, washed well with ether, and dried 

overnight over phosphorus pentoxide under reduced pressure 

friSl^to provide 200 mg. of 7,3- (A- (bis (methoxycarbonyl)methylene }- 

Q 1, 3-dithietan -2-yl^ carboxamido-7^-me thoxy-3-( 1-me thylte tra- 

4<b zol -5-yl) 1 thiome thyl-A^-cephem-4-carboxylic acid. 


Nuclear magnetic resonance spectra (d^-DMSO) 


c5(p.p.m.): 3.44 (3H, 
3.70 (6H, 


CH 3 0^ of C 


f-'COOCH. 
h 3 


7 
), 


3-93 (3H, 

4.29 (2H, 
5.08 (1H) 
5..16 (1H) 


N - N 

I 

CH. 


-CH 2 S- of C 3 


} - 


CH- 


), 
), 

and H of C, 
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C.A, 


Reference example 6 
CH^OOC- 
CH 3 OOC 


G 


C. 


;chcooh 



In 10 ml. of anhydrous tetrahydrof uran was suspended 2.1 
of disodium 2 , 2-bis (me thoxycarbonyl ) ethylene-1 , 1-di thiolate • 

After adding 2.2 g. of sodium dibrornoace tate to the 
suspension, the mixture was stirred for 2 hours at room 
temperature. The solvent was distilled off from the reaction 
mixture under reduced pressure and the residue was dissolved 
in 5 ml. of water. The solution was adjusted to pH 3-5^/i.O 
with diluted hydrochloric acid and extracted with ethyl 
acetate. The extract was dried over anhydrous magnesium 
sulfate and the solvent was dsi tilled off under reduced 
pressure. -The residue was mixed with ether and filtered to 
provide 1.5 g. of 4-Cbis(methoxycarbonyl)methyleneJ-l, 3^) 
dithietane-2-carboxylie acid. 

Nuclear magn etic resona nce spectra (D^u-WSO) 

CH.OOC x 

^(p.p.m.): 3.70 (6H, 5 = 


5.20 (1H, 


CH-jOOC" 


~C >CH- 


cut 



Example 11 


OCH. 



H00C- 
H00C- 


C=C ^CHCONH- 


-N. 



CH 2 S . 


COOH 


N 
I 

CH- 


N 
II 


~ -36 


(a). In 5 ml, of methylene chloride was dissolved 500 mg. 

of f 4-bis( tert-butoxycarbonyl)methylene-l , 3-di thie tan^-2-yl ) - 

carboxylic acid. Then after adding 226 rag. of pyridine 

and further 360 mg. of phophorus pentachloride to the solution 

under ice-cooling, the mixture was stirred for 30 minutes. 

The mixture was added to a solution prepared by dissolving 

500 mg. of 7y6-aunino-7^-methoxy-3-(l-niethyltetrazol — 5-ylho 

thiomethyl-^-cephem-4-carboxylic acid benzhydryl ester in 

10 ml. methylene clhoride and cooling to a temperature of from 

-20°C. to -30°C. and the mixture was stirred for one hour at 
same 

the/\bemperature . The reaction mixture was washed successively 


with 10 ml. of water, 5 ml. of diluted hydrochloric acid, 
and 5 ml. of water, dried over anhydrous magnesium sulfate, 
and then the solvent was distilled off under reduced pressure. 
The residue was subjected to a silica gel column chromato- 
graphy using a mixture of chloroform and ethyl acetate of 
6 : 1 by volume ratio as the elu^nt to provide 300 mg. of 
1/3 - f 4- {bis ( ter t-butoxycarbonyl ) me thylene} -1 , 3-di thi e tan -2-, 
yl] carboxamido-7^-methoxy-3-( 1-me thylte trazol — 5-yl ) thiomethyl- 
^-cephem-4-carboxylic acid benzhydryl ester. 
Nuclear magnetic resonance spectra (CDCl^) 
J(p.p.m.): 1.50 (18H, t^Hg ), 

v (I 

3.60 (5H, CH^y of C 7 and -CH^^of C g ), 
N N 


3.86 (3H, 


I 

GH 3 


4.40 (2H, -CH 2 -S- of C 3 ), 


4.82 (1H, -<C ^>CH- ), 



5.10 (IH, H of C 6 ) , 
6.94 (IH, tN -CgC 6 H 5 ) 2 ), 

— 7.38 (10H, H of the phenyl of r -CH(GJL) ) 
* (b). In a mixture of 4 ml. of trif luoroacetic acid and- 

* £| ^ " ■ 0.5 ml- of anisole was dissolved 200 mg. of 7/3- £4-{bis ( tert- 
i^)jf ' I butoxycarbonyl)methylene}-lj, 3-dithietan — 2-ylJ carboxamido- 

( ^ f ( 7DC-methoxy-3-(l~methyltetrazol ~5*-yl) thiomethyl-A 3 -cephem-4Q 
carboxylic acid benzhydryl ester. The solution was stirred 
for one hour under ice-cooling. Then, the solvents were 
distilled off under reduced pressure and ether was added to 
the residue formed to form precipitates which were recovered 
by filtration. By washing the precipitates with ether, 100 
£>l] ■ mg. of 7/3~{4-(dicarboxymethylene)-l,3-dithietan — 2-yl}- 

Q$ carboxamido-7^-methoxy-3-(l-methyltetrazol — 5-yl) thiomethyl™ 

y a /}?-cephem-4-carboxylic acid was obtained. 

Nuclear magnetic resonance spectra (D^-DMSO) 
J(p.p.m.): 3.44 (3H, CH^ of C ? ) , 

3.64 (2H, ^CH 2 - A of C 2 ) f 

N — -N 

3-93 (3H, Jl J} 

I 

CH 3 



4.30 (2H, -CH 2 -S- of C 3 ), 

5.16 (IH) y S 

H of and 2=/ 
5.24 (IH) X S 
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Reference example 7; 



-4 


(CH,),COOC S. 

.0 = c 

(CH,),COOC^ X S 
1 


" CHCOOH 


~^By following the same procedure as in Reference example 6 
using disodium 2 ,2-bis( tert-butoxycarbonyl )ethylene-l 
dithiolate , 4-£bis( tert-butoxycarbonyl)methyleneJ -1 , 3-^ a 
dithietane-2-carboxylic acid was obtained* 

Nuolo gr magnetic resonance spectra (D^-DMSO) 


£(p.p.m.): 1.4-6 (9H, (CH^COOC- ), 

). 


5.18 (1H, ^c^-ch. 


< ; 
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Example 12 



H 2 NCO^ 



(a)o In 12 ml. of te trahydrofuran were dissolved 370 mg< 


i 6, 


of 7Q-amino-7oC-methoxy-/^l-raGthyltetrazol — 5-yl ) thiome thyl- 

~cephem-4-carboxylic acid benzhydryl ester, 150 mg. of N,N'^ 
dicyelohexylcarbodiirnide f and 150 mg. of 4-f( carbajnoy^jcyano)- 
methylene}-! , 3-dithie tane-2-earboxylic acid followed by A . n 

A JLLU 

stirring for 2 hours at room temperature. ^Brecipi tates^ 


formed were filtered off and the solvent was distilled off 
from the . filtrate under reduced pressure • The residue 
was subjected to a silica gel column chromatography using 

a mixture of chloroform and iso-propanol of 9 : 1 by 

-as the elufcnt r r 

volume ratio/fto provide 190 mg. of 7$-[j4-- j( carbamoyl )(cyano) - 

methylene "jf-1 , 3-dithietan-2~ylcarboxamidoJ-7p(-methoxy» 

3-(l-me thyltetrazol — 5-yl) thiome thyl-A 3 -cephem-4-carboxylic 

acid benzhydryl ester. 
P 

* Nuclear magn etic resonance spectra (CDCl^) 
^ ^(p.p.m.): 3.55 (3H, 2H, — CH 3 


and -CH 2 -of C 2 ) , 


-N 


: 1 o 


3.83 (3H, CH.-N' 

4.32 (2H, -CH 2 - of C 3 ), 
5.08 (1H)~ 
5.20 (1H) 

6.92 (1H, <j>2 C S- )» 
7.30 (10H, (C 6 H 5 ) 2 CH- ) 


H of Cg and 


S' 


•CHCO- 
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p 



(b) . In 10 ml. of methylene chloride was dissolved 
160 mg. of the product obtained in above step (a). A,fter 
adding thereto . 5 ml . of anisole, the mixture was cooled 
to -20°C. Then, after adding dropwise 25 ml. of trifluoro- 
acetic acid to the mixture at a temperature of from -20°C. 
to -10°C, the mixture was stirred for one hour at -10°C. to 
0°C. The solvent was distilled off under reduced pressure 
and after adding 15 ml. of ether to the residue formed, the 
mixture was stirred for 20 minutes. Then, the mixture was 
filtered under reduced pressure and the precipitates thus 
obtained were washed well with ether and dried under reduced 
^( pressure to provide 80 mg. of 7/3-£4-j( carbamoy^yan^methylene^j- 
1 , 3-di thi e tan — 2-yl_;carboxamidoJ] -7 #-me thoxy-3- ( 1-rae thyl™ 
• * tetrazol — 5-yl) thiomethyl- ^?-cephem~4-carboxylic acid . 

Nuclear magnetic resonance spectra (Dg-DMSO) 
J(p.p.ra.): 3-44 (3H, CH-jO^ ), 


V 


3.64 (2H, -EgHp-^of C p ), 


\ 


3-95 (3H, CH.-rQ I ), 
O 4.32 (2H, -CH 2 - of C 3 ), 


5.17 (1H, H of C, ), 



V^-^ Reference example 



= ">CHC00C(CH-.) . 

HgNOC S J J 



"P In 50 ml. of dimethyl sulfoxide was dissolved 4.8 g. of 
disodium 2-carbamoyl-2-cyano-ethylene-l , 1-di thiolate m 
After adding 6.28 g. of tert-butyl dibromoacetate to the 
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solution, the mixture was stirred for 48 hours at room 
temperature. The solvent was distilled off from the reaction 
mixture obtained under reduced pressure and the product was 
extracted with ethyl acetate. The extract was washed with 
water and then an aqueous sodium chloride solution, dried 
over anhydrous magnesium sulfate, and then the solvent was 
distilled off under reduced pressure. The residue was 
subjected to a silica gel column chromatography and 0.8 g. of 
£j tert-butyl 4- Q carbamoyl )( cyano )me thylene^}-l , 3-di thie tane-2- 
carboxylate using a mixture of chloroform and ethyl acetate 
ts of 7 : 1 by volume ratio as the elu^nto 

P Nuclear magnetic resonance spectra ( D^-DMSO) 


|J(p.p.m.): 1.47 (9H, (CH-^COOC- )T 


5.42 (1H, = C Zi ^CH- ) , 



£Jl^ Reference example 9 


NC\ 

JiC = c 


H 2 N0C- 



To 0.4 g. of tert-butyl 4- [( carbamoyl) ( cyano ) me thylene}-^) 


1 , 3-dithietan -2-carboxylate . obtained m Reierence 

example 7 were addecj^2 ml* of an^sole and 6 ml. of trifluoro- 

acetic acid. \ fead-th » j > jTiixture was ^tirred for one hour at room 

temperature. The solvents were distilled off under reduced 

pressure and the residue was mixed with 10 ml,, of ether 

» 

/' ju 
c,,[ followed by stirring for one hour. The precipitates thus 

formed were recovered by filtration, washed with ether, and 

■ \ dried under reduced pressure to provide 0.15 g. of 44, 

Sr ^ £( carbamoyl) (cyano )methylene>l , 3-dithietane-2-carboxylic acid. 
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NC. 


NC 


c=c 


CHCONH 



(a) 


0.43 


In 12 ml* of methylene chloride was dissolved/7/Slo 
amino-7<X-methoxy-3-( 1-me thylte trazol — 5-yl ) thiomethyl-A 3 - 
cephem-4-carboxylic acid benzhydryl ester* A.fter cooling 
the solution to -40°C, 0.65 g* of pyridine was added thereto 
Then, a solution prepared by dissolving 0.2 g. of 4-(dicyano- 
methylene)-!, 3-di thietane-2-carboxylic acid in 8 ml. of 
methylene chloride, adding 0.21 g. of phosphorus pentachlorid 
and stirring the mixture for 25 minutes at room temperature 
was added dropwise to the above-prepared mixture at a 
temperature of from -40°C. to -25°C. and then the mixture 
was stirred for one hour at -30°C. to -20°C. After the 
reaction was over, 60 ml, of chloroform was added to the 
reaction mixture and the mixture was washed with 1% hydro- 
chloric acid, water, and then a saturated aqueous sodium 
chloride solution. The organic layer formed was recovered and 
dried over anhydrous magnesium sulfate. The solvents were 
distilled off under reduced pressure and the residue was 
subjected to a silica gel column chromatography to provide 
0.37 g. of 7/S-C4-(dicyanomethylene)-l, 3-dithietan-2-yl]-j 
carboxamido-7oC-methoxy-3-( 1-me thylte trazol ^-5-yl) thiomethyl- 
A?-cephem-4-carboxylic acid benzhydryl ester using a mixture 
of chloroform and iso-propanol of 40 : 1 by volume ratio as 


the elu^nt, 
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Nucleaiwnagnetic reso nance spec t ra (CDC1_^ .)_ 


o' 


<£(p.p.m. ) 


3.54 (5H, 
3.86 (3H, 

4.30 (2H, 
5.06 (2H, 


-CH 2 - of C 2 and 0CH 3 ) 


I 

CH- 


), 


7 


-CH 2 S- of C 3 ) , 


H of C 6 and 


N3 


:CH- 


), 


L 


6.90 (1H, r <Pv(C 6 H 5 ) 2 ) 


7.30 (I0H, TrpHCCgH^ ) 


^ (b). In 10 ml. of methylene chloride was dissolved 
0.37 g. of the product obtained in above step (a) G ^.fter 
adding 0.5 ml. of anisole to the solution, the mixture was 
^ ... > cooled to ~20°C. Then, 2 ml. of trif luoroacetic acid was 
1 > added dropwise to the mixture at -20°C. to -10°C. and the 
^\ resultant mixture was stirred for 30 minutes at -10°C. to 

f \ ' 4* s -5°C. The solvent was distilled off under reduced pressure 
and 20 ml. of ether was added to the residue followed by- 
stirring for 30 minutes. The mixture was filtered under 

obtained 

reduced pressure and the precipitates/ were washed well 


6 A i 


with ether and dried under reduced pressure to provide 0.21 g< 
,{r i of 7/9-£4-(dicyanomethylene)-l, 3-dithietan — 2-yl}carboxamido- 

^ 7oC-methoxy-3-(l-methyltetrazol — 5-yl) thiomethyl-Z^-cephem- 

4-carboxylic acid. 

Nuclear magnetic resonance spectra (Bg-DMS0) 
X(p.p.m.): 3.44 (3H, ss5r©CH 3 ) f 


3.64 (2H, &CH 9 - of C, ) t 


3.94 (3H, 


I 

CH- 


[\ 4.30 (2H, ^CH 2 S- of C 3 ), 


\ 3 


\ 


o 


r 


5.18 (1H, "H of C r ) , 


5.62 (1H, = 


5CH- ) . 


C-\^_Ref erence examplelO: 


NC- 
NC 


CHCOOCCCH-,) 


3'3 



X^f^A^^ ^c = c: 

\ 

4^ To 15 ml. of methylene chloride was added 0.28 g. of 
tert-butyl 4-C( carbamoyl) ( cyano )me thylene}-! , 3-di thietane- 
2-carboxylate obtained in Reference example 7. After 
adding thereto 0.33 g. of pyridine and 0.43 g. of phosphorus 
pentachloride , the mixture was stirred for 30 minutes at 
room temperature. Then,' 30 ml. of chloroform was added to 
the reaction mixture and the mixture was washed with 1 normal 
sulfuric acid, a 5$ aqueous sodium carbonate solution, 
and then a saturated aqueous sodium chloride solution. The 
mixture was then dried over anhydrous magnesium sulfate and 
the solvent was distilled off under reduced pressure. The 
residue formed was subjected to a silica gel column chromato- 
graphy to provide 0.23 g» of tert-butyl 4-dicyanome thylene- 

k 

1 , 3-di thietan — 2-carboxylate using chloroform as the elu^nt . 
Nuclear magnetic resonance spectra (CDOl^) 
^1 J(p.p.m.): 1.54 (9H, ^C00C(CH^ ) 


02 (ih, =c: 


l 3'3 
•CH- 


). 


Keferenece example 11 



CHCOOH 


NC\ ^-S- 

^C = C^ 
NC^ ^S' 

/p- To 0.23 £• of tert-butyl 4-dicyanome thylene-1 , 3-dithie tane- 
2-carboxylate obtained in Reference example 9 were added 2 ml. 
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of anisole and 6 ml . of trif luoroacetic acid^And the mixture 
for 3 hours 

was s tirred/'fat room temperature. The solvents were distilled 
off ' * 

{A- under reduced pressure and 10 ml. of hexane was mixed with 
the residue followed by stirring for 10 minutes. The solvent 
was removed by decantation Then the same procedure was 
applied twice to the residue thus formed. The residue was 
then dried under reduced pressure to provide 0.18 g. of 
4-di cyanome thylene-1 , 3-di thi e tane-2-carboxyli c acid . 

(^^1 Example 14- 


OCH 


H00CCH=c: 


CHCONH 



(a). In 20 ml* of methylene chloride was dissolved 0.714 
of 4-( tert~butoxycarbonylmethylene)-l , 3-di*hie tane-fe^ 
carboxylic acid . Then 0.454 g. of pyridine was added to 
the solution followed by cooling to a temperature below 5°C. 
Thereafter, 0.630 g. of ' phosphorus pentachloride was added 
to the mixture to cause the reaction for one hour at a 
temperature below 10°C. The reaction mixture obtained was 
cooled to about -50°C. and a solution prepared by dissolving 
1.5 g. of 7/3-amino-7^-methoxy-3-(l-methyltetrazol — 5-yl)- 
thiomethyl-A 3 -pephem-4-carboxylic acid benzhydryl ester in 
15 ml. of methylene chloride was added dropwise to the 
reaction mixture. Then, 3 ml. of pyridine was added and 
t> the reaction was performed for 1 hour at -30°C. to -35°C. 
After the reaction was over, 20 ml. of 6 normal hydrochloric 
acid was added to the reaction mixture at a temperature below 


- 46 - 


• • • 

C. The methylene chloride layer formed was recovered 

and th6 aqueous layer was further extracted with 20 ml • of 

methylene chloride. The extract was combined with the 

methylene chloride layer and the mixture was washed twice 

each^with 20 ml. of a saturated aqueous sodium chloride 

solution, dried over anhydrous magnesium sulfate, and then 

the solvent was distilled off to provide 1.89 g. of a brown * 

caramel residue. The residue was subjected to a silica gel 

i ^ column chromatography to provide 0.308 g. of 7/5- C( 4-tert- 

3 butoxycarbonylmethylene ) -1 , 3-di thie tan — 2-yl}carboxamido- 

b f J ( ;L 7^-methoxy-3-(l-methyltetrazol — 5-yl )thiome thyl A*-cephem- 

4-carboxylic acid benzhydryl ester using a mixture of ethyl 

k 

L> acetate and n-hexane of 2 : 1 by volume ratio as the elu^nt, 

Nuclear magnetic resonance spectra (D^ —DM80) 
\ r J)(p.p.m.): 1.40 (9H, tert-butyl) , 


\ " ( ^ 3-44 (3H , ^gQCH^ ), 


3.88 (3H, >-N^ ), 
CH 3 

5-23 (1H, Hof C 6 ), 


V o^°^ 5,33 (1H ' "^s^ CH " ) 


5.84 (1H, -CHzz.^ y ), 


6.88 (1H, n C < ^ C 6 H 5 ) 2 } 
\ 9.66 (1H, r-.CONH- ). 


(b). In 1.7 ml. of anisole was dissolved 0.3 g. of the 
product obtained in aforesaid step (a) After cooling the 
-\3 solution to a temperature below -5°C, 5.1 ml. of trifluoro- 
acetic acid was added dropwise to the solution at a temperature 
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below 0°C. Thereafter f the reaction was performed for 30 

minutes at 0^5°C. and then for 30 minutes at 5?-10°C. After 

the reaction was over, anisole and trif luoroace tic acid were 

distilled off under reduced pressure and the residue was 

The powder was 

powdered with the addition of ether/\washed. well with ether, 

faint 

and dried to provide 0.1584 g. of A -yellow powdery 7/3- (4 : 
\ &< (carboxymethylene)-~l p 3-dithietan — 2-ylJ carboxamido-70(-me thoxy- 

3- ( i-me thyltetrazol — 5-yl ) thiome thyl-^-cephem-4-carboxylic 
acid . 

Nuclear magnetic resonance spectra (D^-DMSO) 
<J(p.p.m.): 3-43 (3H, <s^0CH^ ), 


3-94 (3H, j^N^ ), 


CH 3 


5.17 (IH, H of C 6 ) , 

5.33 (IH, =.<T >CH- ), 


5.84 (IH,. -CH=^ ^ ), 


S 


k> 9.63 (IH, 


9.63 (1H V ^CON^ ) 


^ " Reference example 12/ 
\ 7 

A mixture of 80 ml. of dime thoxye thane and 20 ml. of 
C. tetrahydrofuran to oth wor- e. deoxygenated by distillation was 

\ *3\ cooled below -70°C. i.n a nitrogen stream and after adding 

thereto 2 ml, of N-isopropylcyclohexyiamine and 6.86 ml. 
of a 15% n-butyl lithium n-hexane solution, 1.16 g. of 
tert-butyl acetate was added dropwise to the mixture. Then, 
" ' the reaction was performed for 30 minutes at a temperature 

^ t r>^0 below -70°C. and then 0.664- ml. of carbon disulfide was added 
■ to the reaction mixture over a period of about 30 minutes at 

a temperature below -72°C. The reaction mixture colored light 
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yellow. After further causing the reaction for 20 minutes 
^\*)JQ at a temperature below -70°C, 6.8 ml. of 15$ n-butyl lithium 
n-hexane solution was added dropwise to the reaction 

mixture over a period of 15 minutes at a temperature below 
-72 C. Thereafter j the reaction was further performed for 
20 minutes at a temperature below -70°C. and then a solution 
containing . crystals of sodium diiodoacetate 

prepared from 0,48 g. of 50% sodium hydride and 3*12 g. of 
diiodoacetic acid in 15 ml* of dimethoxyethane was added to 
the reaction mixture. The temperature of the reaction 
mixture was allowed to raise to room temperature and the reaction 
mixture was further reacted overnight. The solvent 

was distilled off and the black-brown oily material obtained 
was extracted with the additions of 50 ml. of cold ether 
and 20 ml. of 1 normal hydrochloric acid. 

The aqueous layer was further extracted with 
the addition of 30 ml* of cold ether and the extracts were 

£s combined* The mixture was washed twice each^with 30 ml. 

of a saturated aqueous sodium chloride solution , dried 
over anhydrous magnesium sulfate, and then ether was distilled 
off to provide 3 g. of a brown oily product. The product was 
subjected to a silica gel column chromatography to provide 

" 0.564 g. of 4~( tert-butoxycarbonylmethylene)-l, 3-di thietane- 

2-carboxylic acid using a mixture of chloroform, methanol, 
and formic acid of 95 : 5 : 2 by volume ratio as the elu^nt. 
'■; . Nuclear magnetic resonance spectra ( Dg-DMSO) 

J(p.p.m.): 1.45 (9H, tert-butyl) , 



- 4-9 
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* 


Nuclear magnetic resonance spectra (CDCl^) 
t c$"(p.p.m. ) : 1.54 (9H, 'tert-butyl) 



3.18 (3H, CH^o^" 1 -, ), 
3.58 (3H, OCH 3 ), 

3.84 (3H, ^N-" ), 

CH 3 

4.16 (2H, -CH 2 - of C 3 ), 

5.07 (1H, H of C,- ), 

S 

5.31 (1H, ^>CH ), 


•5 6.91 (1H, ^CH.(C 6 H 5 ) 2 ), 
j 7-30 (1.0H, ( -CH(C 6 ^.) 2 ). 

(b). To 2.5 ml* of anisole was added 0*2 g. of the 
product obtained in step (a). The solution was cooled to 
M JXjQ -20°C, and then 10 ml. of trif luoroace ti c acid was added 
CIElLS? dropwise to the mixture at ~20°C. to -10°C. Then, after 

stirring the mixture for 20 minutes at the same temperature, 
the mixtui^e was further stirred for 40 minutes at 10°C. The 
solvent was distilled off under reduced pressure, the residue 
formed was mixed with 30 ml. of ether, and the mixture was 
stirred for 20 minutes. The reaction mixture was filtered 
. * under reduced pressure and the precipitates thus obtained 

; were washed well with ether and dried under reduced pressure 

42(^5 8 to provide o.08 g. of 7 / 5-{4-Ucarboxy)(methylsulfonyl)<- 

' ^ v ' methylene)-!, 3-dithietan — 2-yl] carboxamido-7^C-me thoxy-3-( 1^) 

" bC> methyltetrazol -5-yl) thiomethyl- zF-cephem-4-carboxylic acid* 
^ Nuclear magnetic resonance spectra (D^-DMSO) 


1 <T(p.p.m.): 3 • 20 ( 3H, ci^SO^ = * ' 
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3.45 (3H, ^fOCH- 3 ), 
3-62 (2H, ^pH ? - of C 2 ), " 


\ 


0^ 


3.94 (3H, ^N-^ ), 

f$ CH, 


7 


4.30 (2H, -CH 2 - of C 3 ), 
5.13 (1H) 


J H of C r and =< I' CH- 
5.17 (1H) J 6 X S / / 


^J^- Reference example 15 : 

^ / C = ^ CHCOOH 

\ CH^SO^ 

In 65 ml. of tert-butanol was dissolved 2.05 g. of tert- 

butyl me thylsulf onylacetate. After adding thereto 1 52 g 

of potassium tert-butylate , the mixture was stirred for 5 

minutes. After adding dropwise 0.91 g. of carbon disulfide 

to the mixture and stirring them for 5 minutes, 1.32 g. of 

butylate 

potassium tert~/\ was added to the mixture followed by 

stirring for one hour. Then, 3-8 g. of diiodoacetic acid 

/utylate 
were added to the mixture 

and the resultant mixture was stirred overnight. The solvent 

was distilled off from the reaction mixture obtained under 

reduced pressure. The residue formed was mixed with water, 

adjusted to pH 2 with 10$ hydrochloric acid, and extracted 

with ethyl acetate. The extract was washed with water and 

then a saturated aqueous sodium chloride solution, dried over 

anhydrous magnesium sulfate, and then the solvent was distilled 

off under reduced pressure. The residue was subjected to a 

silica gel column chromatography to provide 1.7 g. of 4-((tert- 

butoxycarbonyl) (me thylsulf onyl)methylene}-l, 3-di thietane-2- ^ 

carboxylic acid using a mixture of chloroform and methanol of 
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50 : 1 by volume ratio as the elu*nt. 
r Nuclear magnetic resonance spectra (CDCl^) 
fc £(p.p.m.): 1.52 (9H, (CH-^COOC- ) 


3.20 (3H, CH 3 SOp- 


Example 16 


). 


HOOC 


OCH, 
! 3 


/—\ s G = c ^ ;CHCONH- 

H0 ~C=) 





N 



CH 2 S- 


-N 

II 

JN 


N" 


COOH 


CH3 


(a). In 1.5 ml. of methylene chloride was dissolved 
iiO 0.6 g. of 4-(A-tert-butoxy-oc-tert-butoxycarbonylben"zylidene)j-^ 
1, 3~di thietane-2-carhoxylic acid. After adding thereto 
0.2 ml. of pyridine and further 0.285 g. of phosphorus 
pentachloride under ice-cooling, the mixture was stirred for 
7 minutes. The solution was added to a solution prepared by 
dissolving 0.5 g. of 7P-amino-7&-methoxy-3-(l-methyltetrazol - 
5-yl) thiomethyl-A 3 -cephem-4-carboxylic acid benzhydryl ester 
in 15 ml. of methylene chloride, cooling to -30°C. to -40°C, 
and adding thereto 0*45 ml. of pyridine, and the mixture was 
stirred for 20 minutes at the same temperature. 

The reaction mixture was mixed with 60 ml. of chloroform, 
washed with about 30 ml. of water, about 30 ml. of 1-2^ 
hydrochloric acid, and then 30 ml. of water, dried over 
anhydrous magnesium sulfate, and then the solvent was distilled 
off under reduced pressure. The residue was subjected to a 
V silica gel column chromatography to provide 0.4 g. of 1(3-{4$Q 

tert-butoxy-oG-tert-butoxycarbonylbenzylidene )-l , 3-dit;hietan- 
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\ 2-yl) carboxamido-7oC-methoxy-3- ( 1-methyltetrazol -5-yl ) - 

thiome thyl-Z^-cephem-4-carboxylic acid benzhydryl ester using 

a mixture £f benzene and ethyl acetate of 11:2 by volume ratio 
as the elu^nt. 

Nuclear magnetic resonance spectra (CDCl^) 

<J(p.p.m.): 1-35 (9H), 

tert-butyl 


) 


1.47 (9H), 

3.60 (5tt, 0CH 3 and -CH 2 - of C 2 ) 

3.83 (3H, ^N-" ), 

CH. 


3 

4.83 (1H, =(^/CH- ), 

5.08 (1H, H of C 6 ) , 

6.92 (1H, -CH(C 6 H 5 ) 2 ) 

6.94 (2H) , W 

HO — (/ V 
7.15 (2H) >=< 

H H 


(b). In a mixture of 10 ml. of trif luoroace tic acid 

and 2 ml. of anisole was dissolved 0.4 g. of the product 

obtained in step (a) under ice-cooling. T.he mixture was 

stirred for about 30 minutes at 10°C. The solvent was 

distilled off under reduced pressure and 40 ml. of ether 

residue 

was added to the to form precipitates , which were 

• "' recovered by filtration and washed with ether to provide 

b ^ I ^ £,( , a bout 0.2 g. of 7/?-[4-(<X-carboxy-4-hydroxybenzylidene)-l, 3£) 
''^ •(■.'. ■ dithietan ~2-yl^carboxamido-7oC-methoxy~3-(l-methyltetrazol 

5-yl)thiomethyl-Z^-cephem-4-carboxylic acid. 

p 

v Nuclear magnetic resonance spectra (D ft -DMS0) 

1 


(i| cf(p.p.m): 3.4 2 ( j 32J^S>OCH 3 ), 


3-94 (3H, -N- 

CH 3 
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5.15 (2H, H of C 6 and 


CH- ), 


6.74 (2H) 
7.03 (2H) 


H H 
H0-^~ 
H H 


Reference example 14/ 


f 


\ 





(CH 3 ) 3 COOC 
(CH 3 ) 3 CO 



HCOOH 


To 8,6 ml. of a 1595 potassium tert-butylate tert-butanol 
solution were added 2.5 g. of tert-butyl 4-tert-butoxyphenyl- 
acetate and 25 ml. of anhydrous tetrahydrofuran with stirring 
at room temperature. After stirring the mixture for 2^-3 
minutes, 0.6 ml. of carbon disulfide was added dropwise to 
the mixture followed by stirring for 10 minutes. Then, 8.6 ml, 
of a 15$ potassium tert-butylate tert-butanol solution was 
added to the mixture followed by stirring for 5 minutes, 
further 8.6 ml., of a 1% potassium tert-butylate tert-butanol 
solution was added to the mixture and then 1.22 g. of 
dichloroacetic acid was added dropwise to the mixture at 
about 30°C. followed by stirring for 40 minutes at room 
temperature. 

Then, after adding dichloroacetic acid to the reaction 
mixture until the mixture became weak alkaline, the solvent 
was distilled off under reduced pressure and the residue was 
mixed with ice-water followed by washing with ether. Then, 
0.5 ml. of 3 normal hydrochloric acid was added to the mixture 
and the product was extracted, with ether. To the extract was 
further added 0.5 ml. of 3 normal hydrochloric acid. The 
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product was extracted with ether, and the procedure was 
further repeated. Each extract fraction obtained was detected 
by a silica gel thin layer chromatography, the fractions 
containing the product were collected and dried 

over anhydrous magnesium sulfate. Then, the solvent was 
distilled off under reduced pressure to provide 1.3 g» of 
(tfO ^-(^-tert-butoxy-o^-tert-butoxycarbonylbenzilidene )-l , 3O 
dithietane-2-carboxylic acid. 


Nuclear magnetic resonance spectra (D^-DMSO) 

(p. p.m.): 1.35 (9H) 1 

T(CH,),C- 
1.48 (9H) * * 

4.85 (1H, JXlH- ) , 

H H 


6.93 (2H) L V, 

7.15 (2H) J X 


H H 
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Example 17 


HOOC. 

X C=CC >CHCONH 



-4p* ( a )* In !5 ml. of methylene chloride was dissolved 0,5 g. 
6^ of 4-(oL-tert-butoxycarbonylbenzylidene)-l, 3-dithietane--2- 

carboxylic acid. After adding thereto 0.2 ml. of pyridine 
and further 0.285 g. of phosphorus petachloride under ice (^J) 
cooling, the mixture was stirred for about 20 minutes. Then, 
by treating the reaction mixture as in Example 16-(a) using, 
^ however, a mixture of benzene and ethyl acetate of 9 : 2 by 

volume ratio as the elujjjtnt for silica gel column chromato- 
Cz^^ (=e? graphy, about 0.4 g. of 7/3- £4-(oC-tert-butoxycarbonyl- 
' @0 benzylidene ) -1 , 3-di thie tane-2-yl} carboxamido-7o^-methoxy-3£) 

^( ■ . (1-methyltetrazol — ■ 5-yl)thiomethyl-A 5 -cephero-A- carboxylic 

acid benzhydryl ester was obtained. 

P X 

Nuclear magnetic resonance spectra (CDC1-.) 
^7 cf(p.p.m.): 1.46 (9H, tert-butyl), 

3*18, (5H g _^ ^CH 3 and^CH^of C 2 ), 
3.80 (3H, ^j*^ ) 



l % 5.08 (1H, H of CjTTT 

6.93 (1H, ^Ctt(C 6 H 5 ) 2 ) 


about 7.34 (15H, C 6 H 55C 8111(1 CCgHg) 2 CH-^ ) 
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(b) . By treating 0.4 g. of the product obtained in 
above step (a) as in Example 16-(b), about 0.2 g. of 7/$-(4- 

y~-' j (ot-carboxybenzylidene)-l, 3-dithietane-2-ylJ)carboxamido-70(cf5 

^ methoxy-3-(l-methyltetrazol — 5-yl) thiomethyl-/^-cephem-4^£3 
carboxylic acid was obtained. 

Nuclear magnetic resonance spectra (D^ttDMSO) 
'67 <f(p.p.m.): 3.41 (3H, c^QCH-^ ), 

^3^92 (3H, ^-N^ ) , 

CH^ 


^ r <?p^ 5.16;(1H) -j ^-s^ 
< f H of Cf- and —C / 

\ 5.19 (1H) J 6 


CH- 


"5 7.28 (5H, C 6 H 5 ^) 
Reference example 15: 


(CH^COOC^ ^ s 


C = CC ^CHCOOH 


To 15.6 g. of a '15$ potassium tert-butylate tert-butanol 

solution were added 4 g. of tert-butyl phenyl- 

acetate and then 1.6 g. of carbon disulfide with stirring at 

room temperature. After stirring the mixture for 15 minutes, 

20 ml. of anhydrous tetrahydrofuran and then 31.2 g. of a 

15^ potassium tert-butylate tert-butanol solution were 
> ' di 

added to the mixture and then 2.7 g. of ^chloroacetic acid was 

':y--'^0 added dropwise to the mixture at 30^0°C. followed by 

stirring for 30 minutes at the same temperature to finish 

^ the reaction. 

Then, after adding dichloroacetic acid to the reaction 

& ' ' r : . mixture until the mixture became v wea fe:^ alkaline y the 


solvent was distilled off under reduced pressure and the 
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residue was mixed with ice-water followed by washing with 
ether. Then, 0.5 ml. of 3 normal hydrochloric acid was added 
to the mixture and the product was extracted with ether. To 
the extract was further added 0.5 ml. of 3 normal hydrochloric 
acid. The product was extracted with ether, and the procedure 
was further repeated. Each extract fraction obtained was 
detected by a silica gel thin layer chromatography, the 
fractions containing the objective material were collected 
and dried over anhydrous magnesium sulfate. Then, the solvent 
was distilled off under reduced pressure to provide about 1 g. 
of 4-(<X-tert-butoxycarbonylbenzylidene)-l, 3-dithietane-2^) 
carboxylic acid. 

P Nuclear magnetic resonance spectra (Dg-DMSO) 
S 5(p.p.m.) : 1.40 (9H, (CH ^C00C tT ), 

v ^ p- y 


X 5.17 (1H, ^>CH- ) 

^ about 7.30 (5H, H-Q- )• 

H H 



HOOC^ _S 

✓C=C ^CHCONH 

(H 3 C) 2 NCO 

p<a). In 15 ml. of methylene chloride was dissolved 500 
mg. of 4-( tert-butoxycarbonyl-N, N-dimethylcarbamoylmethylene)- 
1, 3-dithietane-2-carboxylic acid. After adding thereto 
0,19 ml. of pyridine and further 163 nig. of phosphorus penta- 
chloride under ice-cooling, the mixture was stirred for about 
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5 minutes. The solution was added to a solution prepared 
by dissolving 500 mg. of 7/3-ajnino-7<*-methoxy-3-( 1-raethyl- 
(x- tetrazol — 5-y^thioraethyl — Z^-cephem-4-carboxylic acid in 
15 ml. of methylene chloride and then adding 0.3 ml. of 
^ ^ pyridine to the solution while cooling the solution to -30 

and the mixture was stirred for about 30 minutes at the same 
temperature. 

To the reaction mixture was added about 60 ml. of 

chloroform. The mixture was washed with about 30 ml. of 

water, about 30 ml. of \fi$> hydrochloric acid, and then three times 
u eacfi£v$ith 

yjabout 30 ml. of water, and dried over anhydrous magnesium 

sulfate. The solvent was distilled off under reduced 

pressure and the residue formed was subjected to a silica 
column 

£^ ^ ge^/j chromatography to provide 200 mg. of 7/$-C( 4-tert-butoxy- 
carbonyl-N,N-dimethylcarbamoylmethylene)-l, 3-dithie tane-2-yl- 
\ ^ carboxamido)-7oC-methoxy-3-(l-methyltetrazol -5-yi)thiomethyl- 

£^-cephem-4-carboxylic acid benzhydryl ester using a mixture 

k 

C of benzene and ethyl acetate of 3 : 2 by volume ratio as the elu&nt, 


^ Nuclear magnetic resonance spectra (CDCl^) 

£(p.p.m.): 1-48 (9H, tert-C^- ), 


r 


}- 

3.60 (5H, CH 3 and ^ -GH 2 ^p.f. C 2 ) , 

>=N 

3.84 (3H, CH.-NCT I ) 


2.96 (6Hm (CH-,) Q NC0- ) 


4.93 (IH, =CT >CHC0- ) 


S 5.06 (IH, H of C 6 ) , 

• 6.90 (IH, rt -C^C 6 H 5 ) 2 ). 


(b). In a mixture of 10 ml. of trifluoroacetic acid and 
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2 ml. of anisole was dissolved the product obtained in above 
step (a) under ice-coolings And the mixture was stirred Tor 
about 30 minutes at 15°C. The solvent was distilled off 


under reduced pressure, 30 ml. of ether was added to the 
residue, and the precipitates formed were recovered by 
filtration and washed with ether to provide 100 mg. of 
$ (( 4-carboxy-N, N-dimethylcarbamoylmethylene)-l , 3-dithietane- 

t 2-yl-carboxamidoJ) -7(X-methoxy-3-(l-methyltetrazole-5-yl)- 

thiomethyl -Z?-cephem-4-carboxylic acid. 

Nuclear magnetic resonance spectra (Dg-nDMSO) 
\ ^ J(p.p.m.): 2.87 (6H, (CH^NCOjy ), 
V_ 3.43 (3H, CH^Oy ), 

3-94 (3H, CH 3 - N, 


5.16 (1H) i S 


} 


H of and —C^ J> CH- 
5.25 (1H) J ° 


Reference example 16: 



C = C C / CHC00H 
S' 


By treating tert-butyl dimethylcarbamoylacetate as in 
Reference example 15» 4- C ( tert-butoxycarbonyl) (dimethyl- 
carbaraoyl)methylene)-l, 3-dithietane-2-carboxylic acid was 
obtained. 

P 

O Nuclear magnetic resonance spectra (CDCl^) 

L J(p.p.m.): 1.50 (9H, (CH,) ,C00C^) , 

(y? _____3-J_ 

! 3.02 (6H, 5 ^N- ), 


4.97 (1H, = C \ ^>CH- ). 


s 
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Example iq 


HOOC 
CH 3 OC 


c=c. 


.CHCONH 



^^(a). In 15 ml. of methylene chloride was dissolved 

0.87 g. of 4- ((acetyl) (tert-butoxycarbonyl)methylene)-l,3g 

dithietane-2-carboxylic acid. After adding thereto 0.474 

of pyridine and further 0.624 g. of phosphorus pentachloride 

under ice-cooling, the mixture was stirred for 30 minutes. 

The solution was added to a solution prepared by dissolving 

0.6 g. of 7>5-amino-7^-methoxy-3-(l-methyltetrazol -5-yl)^> 

thiomethyl- A?-cephem-4-carboxylic acid benzhydryl ester in 

20 ml. of methylene chloride, cooling the solution to -30°C. 

and adding thereto 1 ml. of pyridine, and the mixture was 

same 

stirred for one hour at the/temperature. To the reaction 

mixture were added 10 ml. of water, 1 ml. of 1 normal 

hydrochloric acid, and 30 ml. of chloroform. The chloro- 

thoroughly 

form layer formed was recovered, washed/^vith 1% hydrochloric. 

completely / 

acid to eliminate pyridine /| , then with water, dried 
over anhydrous sodium sulfate, and the solvent was distilled 
off under reduced pressure. The residue formed was subjecte< 
to a silica gel column chromatography to provide 0.55 g. of 
7/S- {4- C( acetyl) ( tert-butoxycarbonyl)methylene)-l , 3-dithietan 
2-yl}carboxamido-7^-methoxy-3-(l-niethyltetrazol — 5-yl) thio- 
methyl-Z^-cephem-4-carboxylic acid benzhydryl ester using a 
mixture of benzene and ethyl acetate of 10 : 2 by volume 


ratio as the eluent. 
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Nuclear magnetic resonance spectra (CDCl^) 

cT(p.p.m): 1.53 (9H, tert-butyl ), 

2.45 (3H, CH 3 OC^ ), 

3.56 ( ^H, y-j^OCH^and -CH g - of C 2 ), 

3.82 (3H, ^N^"~ ~ ; "1 

CH 3 

; ^ 4.37 (2H, -CH S- of C ) , 

4.94 (1H, — <f ">CH- ) , 


-S- 


f% 5.09 (1H, H of T, 

6.94' (1H, ^(C 6 H 5 ) 2 ), 
7.20^7.50 (10H, ^CH(CgH 5 ) 2 ). 

(b). In a mixture of 12 ml. of trifluoroacetic acid 
and 3 ml. of anisole was dissolved 0.55 g. of the product 

°\ S{) obtained in aforesaid step (a) at -5°C. The mixture was 

stirred for 20 minutes at 15°C. The solvent was distilled 

off under reduced pressure, 20 ml. of ether was added to the 

residue, and the precipitates formed were recovered by 

o ' filtration and washed with ether to provide 0.33 g* of 7/3- 

I • ' f ((acetyl) (carboxy)methylene)-l,3-dithietan -2-ylj carboxamido- 

^ u 1 7^-methoxy-3-(l-methyltetrazol -5-yl) thiomethyl-A 3 -cephem-4- 

carboxylic acid. 

■ V Nuclear ^magnetic resonance spectra (Dg-DMS0) 

• v \ Cj ^(p.p.m.): 2.38 (3H, CH 3 0C- ), . * 

3-43 (3H, ^SgO CH, ), 

;- ;> ' 3-94 (3H, ^N^; ), 

CH 3 

tJo^W 4.32 (2H, -CH 2 S- of C 3 ) , 


'3 
nc 

5.30 (1H) J ° 


5.16 dm) -) 

( H of C 6 and =C > CH- 


CJL_ 


Reference example' 17 * 


- ^ (CH.KCOOC. • ^-S^ 

\ J J /C = ^CHCOOH 

To 150 ml. of tert-butanol was added 4.8 g. of sodium 
hydride (50^ in oil ). Then 15.8 g. of tert-butyl 
acetoacetate was added gradually to the mixture. Then, 
after adding thereto 7.6 g. of carbon disulfide under ice- 
cooling, the mixture was stirred for 18 hours at room 
temperature. Thereafter, 4.8 g. of sodium hydride (5096 
in oil ) was added gradually under ice-cooling and after 
stirring the mixture for 2 hours at room temperature, 16.7 g 
of potassium dichloroacetate was added to the mixture 
followed by stirring for further 2 hours. The reaction 

mixture obtained was concentrated under reduced pressure. The 
^residue was 

^jraixed with 300 ml. of ethyl acetate and 200 ml. of ice-water, 
* the mixture was 

and /| adjusted to pH 3^4 with 1 normal hydrochloric acid. 

The organic layer formed was washed with an aqueous 

sodium chloride solution, and extracted with a saturated 

aqueous sodium hydro gene arbon^te solution. 

The sodium hydrogencarbonate extract was washed 

with 50 ml. of ethyl acetate, adjusted to pH 3jA with 1 

200 ml. of 

normal hydrochloric acid, and extracted with^ethyl acetate. 

The ethyl acetate extract was washed with an aqueous sodium 

chloride solution, dried over anhydrous sodium sulfate, and 

50 ml. of 

then concentrated. The residue was washed with/|a mixture of 
petroleum ether and ether of 10 : 1 by volume ratio and 
dissolved in 5 ml. of ether. Then, 50 ml. of petroleum 
ether was added gradually to the solution and the crystals 
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thus precipitated were recovered by filtration to provide 
10 g. of 4- C( acetyl) ( tert-butoxycarbonyl)methylene}-l , 3- 
di thietane-2-carboxylic acid. 
^ Nuclear magnetic resonance spectra (CDCl-j) 

<T(p.p.m.): 1-53 (9H, (CH^COOC- ), 


1 

» 

(-0^)° 4.94 (1H, =CC^ S "^>CH- ). 


J 2.49 (3H, CH^OC^ ), 


(^X^\^ Example 20 


HOOC. ^ s \ 

C=C C / CHCONH 


CH 3 S 


S' 



COOH 


(a). In 20 ml. of methylene chloride was dissolved 1.1 g« 
of 4- ( tert-butoxycarbonyl) ( 5-methylthio-l, 3> 4-thiadiazol - 
2-yl)methylene*}-l, 3-dithietane-2-carboxylic acid # After 
adding thereto 0.462 g. of pyridine and further 0.606 g. of 
phosphorus pentachloride under ice-cooling, the mixture was 
stirred for 30 minutes. The solution was added to a solution 
prepared by dissolving 0.9 g. of 7yS-amino-7o6-methoxy-3-(l- 
methyltetrazol — 5-yl ) thiomethyl-Z^-cephem-4-carboxylic acid 
benzhydryl ester in 30 ml. of methylene chloride, cooling the 
QS^ solution to -30°C, and adding 0.75 ml. of pyridine to the 
solution, and the mixture was stirred for one hour at room 
temperature. The reaction mixture was mixed with 10 ml. of 
water and 40 ml. of chloroform. Then, the chloroform layer 
formed was washed thoroughly with Vfo hydrochloric acid 
to eliminate pyridine completely, then with 


&1 , ^< 


water, dried over anhydrous sodium sulfate, and then the 
solvent was distilled off under reduced pressure. The residue 
was subjected to a silica gel column chromatography to provide 
0.2 g. of 7j3 — {4— CC tert-butoxycarbonyl) ( 5-methylthio-l , 3 , 4- 
°\ C£ thiadiazol — 2-yl) methylene) -1 , 3-di thietan — 2-ylj carboxamido- 
tfe 7<*-methoxy-3-(l-methyltetrazol — 5-yl) thiomethyl-^-cephem-4- . 

carboxylic acid benzhydryl ester using a mixture of benzene 
and ethyl acetate of 10 : 2 by volume ratio as the eluj|nt. 

Nuclear magnetic resonance spectra (CDCl^) 
; C) J(p.p.m): 1.58 (9H, tert-butyl), 
\ 2.72 (3H, CH3S- ), 

3.58 ( 3H^J^0CH 3 

Ah 3 

-CH 2 S- of C 3 ), 



5.03 (IH) ^ 

\ H of C, and =(f > CH- 



6.90 (IH, -CHCCgH,.)^ ), 
\ 7.10^7,50 (10H, ^&H(CgH & ) 2 ) 


(b). In a mixture of 8 ml. of trifluoroacetic acid and 
2 ml. of anisole was dissolved 0.2 g. of the product obtained 
in above step (a) at -5°C followed by stirring for one 
<= r **-^ hour at The solvent was distilled off under reduced 

vi 

pressure, 20 ml. of ether was added to the residue, and the 
precipitates formed were recovered by filtration and washed 
4^ S Sf ^ with ether to provide 0.05 g. of 7yff-{4- £( carboxy) (5-methyl- 

w i ? - S thio-1, 3,4-thiadiazol -2-yl ) me thylene^-1, 3-di thietan -2-ylp& 
carboxamido-7ot-methoxy-3-(l-rnethyltetrazol -5-yl) thiomethyl- 
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^* A 3 -cephem-4-carboxylic acid. 

jB. Nuclear magnetic resonance spectra (Dg-DMSO) 

/(p. p.m.): 2.75 (3H, CH.S- ), 

3,45 (3H> < T^ QCH 1 >» ^ 
3-94 (3H, ^N^ ), 
CH 3 

^ 4.30 (2H f -CH 2 S- of C 3 ), 

\ 5.19 (1H) -> /S^ 

\ H of C, and —C J^CK- 

C 1 rr f-ivr\ ) 


i : 




5.35 (1H) 1 . 6 X S- 


Reference example 18: 


(CH 3 ) 3 COOC^ s 


CH^S' 



S 


In 100 ml. of tert-butanol was dissolved 1.58 g. of 

metallic potassium. After adding thereto 10 g. of tert- 

butyl 5-methylthio-l, 3,4- thiadiazole-2 -acetate , -the mixture 

was stirred for 20 minutes. Thereafter, 3»25 g. of carbon 

disulfide was added dropwise to the mixture over a period of 

10 minutes. After stirring the mi^turefor one hour, 4.55 g* 

■b u ' by l afr o J^X^ULU^ 
of potassium tert-/^, was added gradually to the mixture 

followed by stirring for 20 minutes and then 6.83 g. of 

potassium dichloroacetate was added to the mixture followed 

by stirring for 18 hours. The reaction mixture was 

and the residue was 
concentrated under reduced pressure ^raixed with 300 ml. of 

\ .The mixture was 
ethyl acetate and 200 ml. of ice-water # ^ad justed to pH 3-4 

with 1 normal hydrochloric acid, and the organic layer formed 

was washed with an aqueous sodium chloride solution, 

and then extracted with 1000 ml. of a saturated 
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aqueous sodium hydrogencarbonate solution. 


The sodium 


9- 


1 



'.WW 


hydrogencarbonate extract wa's washed with 100 ml. of ethyl 

acetate, adjusted to with 5 normal hydrochloric acid, 

and then extracted with 200 ml, of ethyl acetate. The ethyl 

acetate extract was washed with an aqueous sodium chloride 

solution, dried over anhydrous sodium sulfate, and drisd 

concentrated. The residue was subjected to a silica gel 

column chromatography to provide 1 g. of 4- C ( tert-butoxy- 

carbonyl)( 5-methylthio-l , 3 ,4-thiadiazol-2-yl)methylene}-l , 3- 

chloroform and then 
di thietane-2-carboxylic acid using/a mixture of chloroform 

and methanol of 50 : 1 by volume ratio as the elu^nt. 

Nuclear magnetic resonance spectra (CDCl^) 

J(p.p.m.): 1.59 (9H, (CH^COOC^ ), 

. 2,79 (3H, ^ Hjfr ), 

4,99 (1H ' =G \ ^> CH_ >• 


CX^L. Example 21 


HOOC. v 

x C=c C /CHCONH- 

NH 2 S0 2 ° 


0CH-, 





"'X 

COOH 


-N 
H 


I 

CH- 


(a). In 12 ml. of anhydrous tetrahydrofuran were dissolved 

0.2 g. of 4- C(benzhydryloxycarbonyl) (sulfamoyl)methylenej-l, 3£D 

dithietane-2-carboxylic acid, 0.25 g. of ^3-amino-70Umethoxy- 

6£> 3-(l-methyletrazol -5-yl) thiomethyl-Zs?-cephem-4-carboxylic 

■ N,N'- 

acid benzhydryl ester, and 0.1 g. of^icyclohexylcarbodiimide. 

Then the solution was stirred overnight at room 
temperature. Insoluble p a - tt oro ^we re filtered off and the 


- 68 - 


49 


solvent was distilled off from the filtrate under reduced 
pressure. The residue was subjected to a silica gel column 
chromatography to provide 0.095 g. of 7/S-{4- (.(benzhydryloxy- 
carbonyl) (sulfamoyl)raethylene3-l, 3-dithietan -2-yl} carboxamido- 
70^-methoxy-3-(l-methyltetrazol -5-yl ) thiomethyl-^-cephem-4- 
carboxylic acid benzhydryl ester using a mixture of chloroform 
and isopropanol of 9 : 1 by volume ratio as the eluj^nt. 

(b) . In 10 ml. of methylene chloride was dissolved 
0.095 g. of the product obtained in step (a) . After adding 
^\"?4j thereto 0.5 ml. of anisole, the mixture was cooled to -20°C. 

Thereafter, 2 ml. of trifluoroacetic acid was added dropwise 


3\ 


to the mixture at -20°C. to -15°C. and after stirring the 


mixture for 30 minutes at the same temperature, the resultant 
mixture was further stirred for one hour at 0p3°C. 


The 

solvent was distilled off from the reaction mixture under 
reduced pressure and 15 ml. of ether was added to the residue 
followed by stirring for 30 minutes. Then, the reaction 
mixture was filtered under reduced pressure and the precipitates 
formed were washed well and dried under reduced pressure to 

f 

£l> i | provide 0.034 g. of 7/3-{4- (( carboxy) (sulf amoyl)methylene3;£} 

1, 3-dithietan — 2-yl}carboxamido-7<X-methoxy-3-(l-methyltetra- 
^ zol — 5-yl) thiomethyl-A^-cephem-4-carboxylic acid. 


Nuclear magnetic resonance spectra (Dg-DMS0) 


\ & ( P ♦ P - m . ) : 3^4 2 ( 3 H , <ggg€)CH 3 ) , 



^-CH^of C 3 ), 


5.12 (1H) 
5.17 (1H) 


_ -1 

S. 


| H of C 6 and =\ CH- 


9.66 (1H, . -NHC0- ) . 
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Reference example 19: 


a°f 


C = C 


S 
S 


CHCOOH 


^-yCHOOC' 

(^To 1.12 g. of benzhydryl sulfamoylacetate were added 30 
ml. of anhydrous tetrahydrofuran and 20 ml. of tert-butanol » 
%\:'sJO After cooling the mixture to -20°C, 0.177 g. of sodium 
hydride (50$ in oil ) was added to the mixture followed by 
stirring for 15 minutes. To the mixture was added 0.3 g. of 
.w, carbon disulfide. The mixture was stirred for 30 minutes 

5>l ^"^O at _io°C. to -5°C. Then, to the mixture were added 0.354 g. 

of sodium hydride (50$ in oil ) and 1.05 g. of diiodoacetic 


^ ^ acid. 


After stirring the mixture for 20 minutes at -10°C. 


■eno\ 


to 0°C, the mixture was stirred overnight at room temperature 

The solvent was distilled off from the reaction mixture under 

reduced pressure and after adjusting the residue to pH 2 by 

adding thereto ice-water and 5^ hydrochloric acid, the 

reaction mixture was extracted with ethyl acetate. The 

each&K^ 

extract was washed twice/with a saturated aqueous sodium 
chloride solution, dried over anhydrous magnesium sulfate, 
and then the solvent was distilled under reduced pressure. 
The residue was subjected to a silica gel column chromato- 
graphy to provide o.2 g. of 4-C(*>enzhydryioxycarbonyi) 

(sulfamoyl)methylene^)-l,3-dithietane-2-carboxylic acid using 
a mixture of chloroform and methanol of 10 : 1 by volume - 
ratio as the eluj^nt. 

-P Nuclear ma gnaiir... resonance spectra (CDCl^) 

;ih, - CH- ), 

w> (ih, (c 6 H 5 r 2 @f 


X Nuclear ma gn,p t i c_rei 
y, ^ ^(p.p.m): 4.66 (: 

I m — — " C rTZ I 


( 7.33 (10H, (c 6 ^) 2 CH-^ > 
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HOOC> 



(x 


c=c 


Example 22 


rCHCONH 



^ (a). In 40 ml. of methylene chloride was dissolved 800 mg. 
of 4-£(tert-butoxycarbonyl) (3-pyridyl)methylenej -1 , 3-dithietane- 
2-carboxylic acid. After adding thereto 0.3 ml. of pyridine 
and further 440 mg. of phosphorus pentachloride under ice-cooling, 
the mixture was stirred for about 15 minutes. The solution was 
6^. added to a solution prepared by dissolving 0.8 g. of 7ft-amino- 
7ct-methoxy-3-( 1 -methyltetrazol-5-yl ) thiomethyl-A -cephem-4- 


carboxylic acid in 25 ml. of methylene chloride and adding 
thereto 0.7 ml. of pyridine at -30°C, and the resultant 
mixture was stirred for 20 minutes at the same temperature. 
Then, 200 ml. of chloroform was added to the reaction mixture 
and the mixture was washed twice each^with 150 ml. of an 
aqueous 1 .3% acetic acid solution and then twice each^with 
100 ml. of water, and then dried over anhydrous magnesium 
sulfate. The solvent was distilled off under reduced pressure 
and. the residue formed was subjected to a silica gel column 
chromatography to provide about 400 mg. of 7f3-{4- j^ert-butoxy- 
carbonyl) ( 3-pyridyl)methylene - )-l , 3-dithietan-2-yl| carboxamido- 
7oC-methoxy-3-( 1 -methyltetrazol-5-yl) thiomethyl-A^-cephem-4£) 
carboxylic acid using a mixture of benzene and ethyl acetate 
of 2 : 1 by volume ratio as the eluj^nt. 
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Nuclear magnetic resonance spectra (CD Cl-^) 


"7 ^(p.p.m.): 1.47 (9H, *- c 4 H ^ )» 


3.59 (5H, CH 3 0^ and ^CH 2 - of C 2 ), 


3.83 ( 3H, >N-CH 3 ), 

4.91 (1H, =< >CH- ), 

s 

5.08 (1H, H of C 6 ), 
6.93 : (1H, -CH(C 6 H 5 ) 2 ), 

8.50 (IH ), 



(b) . In a mixture of 15 raTI or trif luoroacetic acid and 
3 ml. of anisole was dissolved 400 mg. of the compound 
obtained in above step (a) under ice cooling 

followed by stirring for 40 minutes at K^L5°0. The solvent was 
distilled off under reduced pressure and about 50 ml. of 
ether was added to the residue to form precipitates, which 
were recovered by filtration, and washed with ether. The 
precipitates were subjected to a silica gel column chromato- 
graphy to provide about 100 mg. of 7A^4-(carboxy)(3-pyridyl) 
methylene] -1 , 3-dithietan-2-yl| carboxamido-7</-methoxy-3-f ) 
(l-methyltetrazol-5-yl)thiomethyl-Z^-cephem-^-carboxylic acid 

using a mixture of chloroform, methanol, and formic acid of 

50:7; T 1 by volume^ratio as the eliifent. ,^ 

Nuclear magnetic resonance sperctrS. (D^-DMSO) 

<£(p.p.m.): about 3.41 (3H, CH 3 0- ). 

3.93 (3H, CH 3 N^ ), 


5.15 (1H)1 H of and =C ^OH- )» 


5.24 (IH 


[} j H oi u 6 
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+ 


7.39 (1H, 

H 

7.67 (1H, (^jT 


8.44 (2H, 


L- 


). 

) 


Li 


C = C' /CHCOOH 


^/'^ Reference example 20: 
^ (CH 3 ) 3 COOC 

Or 

treating tert-butyl 3-pyridylacetate as in Reference 
| example 15., 4-£( tert-butoxycarbonyl) ( 3-pyridyl)methyleneJr^) 
1, 3-ditliie±ane-2-carboxylic acid was obtained. 

p 


Nuclear magnetic resonance spectra (D^-DMSO) 

> 6 

, J (p. p.m.): 1.42 (9H, (CH-.) .COOC- ), 


5.22 (1H, 

7.40 (1H) 

7.66 (1H) 

8.45 (2H) 


= C 


CH- 



), 


Example 23 


.1/ 




H 3 C -%=Ci- S > 

H 2 N0C / " S S^ 


OCH 


HDONH 



COOH 


10 


(a) In 55 ml. of anhydrous tetrahydrofuran were dissolved 

0.22 g. of 4-{( ace tyl )( carbamoyl) methyl ene^)-l, 3-dithietane-2(£) 

carboxylic acid, 0.496 g. of 7/3-amino-7^-methoxy-3-(l-methyl- 

tetrazol -5-yl) thiomethyl-Z^-cephem-4-carboxylic acid benz- 

N,N* - 

hydryl ester, and 0.194 g. of dicyclohexylcarbodiimide. 
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♦ 


a v. - 


The solution was stirred for 2 hours at room temperature. 

Insoluble ftiattor -s were filtered off and the filtrate was 

concentrated under reduced pressure. The residue formed was 

subjected to a silica gel column chromatography to provide 

. 0.35 g. of 7/3- {4 C( acetyl) ( carbamoyl )methylene)-l , 3-dithie tan - 

2-yl} carboxamido-7ot-methoxy-3-(l-methyltetrazol -5-yl) thio- 

methyl-^-cephem-4-carboxylic acid benzhydryl ester using 

first a mixture of chloroform and ethyl acetate of 1 : 1 by 

volume ratio and then a mixture of chloroform and ethyl 

acetate of 1 : 3 by volume ratio as the elu^nt. 

^ (b). In a mixture of 8 ml. of trif luoroacetic acid and 

2 ml. of anisole was dissolved 0.35 g. of the product 

! obtained in the above step (a) at -20°C. followed by stirring 

for 30 .minutes at 0°C. The reaction mixture obtained was 

the residue was 
concentrated ancl^mixed with ether followed by stirring for 

30 minutes. Then, the precipitates formed were recovered by 

l& filtration and washed with ether to provide 0.09 g. of 7/3- 

-f — ( ace tyl ) ( carbamoyl ) me thyl enej -1 , 3-di thi e tan - 2-yl} carbo- 

xamido-7<*-me thoxy- 3- ( 1-me thyl t e trazol * -5-yl ) thi orae thyl-A 3 £^ 

fphem-4-carboxylic acid. 
Nuclear magnetic resonance spectra (Dg-DMS0) 



\ 


o 


/(p. p.m.): 2.32 (3H, 
3.42 (3H, 

3.93 (3H f 


4.30 (2H, 
5.17 (1H)" 
5.26 (1H) 


9 

H-jC-C- 


), 


CH 3 0- of ? ), 
N - N 

CH^ 

-CH 2 S- of C 3 ), 


Z 8 


H of C 6 and =\ ^CH- 

S 
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Reference example 21: 


5 ^c=crr ^GHCOOH 


(a). In 50 ml. of tert-butanol was dissolved 5.76 g. 

butylate 

of potassium tert-/ and .50 ml* of anhydrous tetrahydro- 

furan was added to the solution. Then, after dissolving 
therein 2.6 g. of acetoacetaraide , a solution prepared by 
dissolving 1.96 g-of carbon disulfide in 5 ml. of anhydrous 
tetrahydrofuran was added dropwise to the solution under 
ice-cooling. To the reaction mixture obtained was added 
100 ml. of anhydrous tetrahydrofuran followed by stirring 
for 1.5 hours at room temperature. Then a suspension 

prepared by reacting 8 g. of diiodoacetic acid and 1.23 g« of 

(50^ in oil) 

sodium hydride/ in 100 ml. of anhydrous tetrahydrofuran under 
ice-cooling was added to the mixture followed by stirring for 
2.5 hours at room temperature. 

The reaction mixture obtained was concentrated and the 
residue was mixed with 50 ml. of 1 normal hydrochloric acid 
and extracted with 100 ml. of ethyl acetate. The extract 
was washed with 50 ml. of an aqueous: sodium chloride solution 
and the organic layer formed was extracted with 

100 ml. of a saturated aqueous sodium hydrogencarbonate 
solution. The extract was adjusted to pH j2/^3 with concentrated 
hydrochloric acid and then extracted with 100 ml. of ethyl 
acetate. The extract was washed with 50 ml. of an aqueous 
sodium chloride solution, dried over anhydrous magnesium 
sulfate, and concentrated. 

The residue formed was dissolved in 30 ml. of methylene 
chloride and after adding thereto 5 g. of diphenyldiazome thane 
under ice-cooling, the mixture was stirred for 2 hours at 
room temperature. The reaction mixture was concentrated and 
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5\ 


the residue formed was subjected to a silica gel column 
chromatography to provide 0.6 g. of 4-p[ acetyl )( carbamoyl )- 
methylene} -1, 3-dithietane-2-carboxylie acid benzhydryl ester 
using first chloroform and then a mixture of chloroform and 
methanol of 10 : 2 by volume ratio as the elu^nt. 
Nuclear magnetic resonance spectra (CDCl^) 


I 


. £(p.p.ra.): 2.32 (3H, H.COC- 
f ^ ~ —f 



CH- 


), 


P 


-C00(^C 6 H 5 ) 2 )^ 

7.2-7.4 (10H, -COOCHCC^), ). 

(b). In a mixture of 8 ml. of trifluoroacetic acid and 
2 ml. of anisole was dissolved 0.6 g. of the product obtained 
in the step (a) at -20°C. and the - temperature 

of the reaction mixture was raised to 10°C. over a period of 
20 minutes. Then, the reaction mixture was concentrated and 
10 ml. of a mixture of ether and petroleum ether of 1 : 1 by 
volume ratio was added to the residue to form precipitates, 
which were recovered by filtration to provide 0.2 g. of 
4- ((acetyl) ( carbamoyl) me thylene^-l, 3-di thietane-2-carboxylic 
acid. 

Nuclear magnetic resonance spectra (D^-DMSO) 


/(p. p.m.): 2.31 (3H, 



H.COC- 
1 *\ 


5.20 (1H, = 


:ch- 


). 
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Example 24 


nP 


ft 


(o2 


°2 H 5\ /- S \ 

C=C \JHC0NH- 

HOOC^ S 


OCH 

i — ' 


J? 



-CH 2 S 


-N 
II 

.N 


lot) % 


(a). 


COOH 


N 
I 

CH- 


/' 


In 15 ml. of tetrahydrofuran was dissolved 610 mg. of 
butoxy 

4-(l-tert-/ carbonylpropylidene)-!, 3-di thietane-2- 


carboxylic acid . fter adding thereto 1.05 g. of 7B-3.m±no-7(^ 

6£s methoxy-3-(l-methyltetrazol-5-yl)thiomethyl-A^-cephem-4- 
<4^} carboxylic acid benzhydryl ester and 0.5 g. of N ,N' -dicyclohexyl- 

carbodiimide , the mixture was stirred for 2 hours at room 

. temperature to cause reaction. After the reaction was over, 
*\b N,N'-dicyclohexyl ^ 

i'urea vLapo^4^€E|/was filtered off and the solvent was distilled 


-0 


off from the filtrate under reduced pressure to form a 

caramel-like residue. The residue thus formed was dissolved 

in 50 ml. of ethyl acetate and the solution was washed with 

30 ml. of 1 normal hydrochloric acid and then water and dried 

over anhydrous magnesium sulfate. The solvent was distilled 

off under reduced pressure to provide 450 mg. of a brown 
-like residue. 

caramel^/j The residue was applied to a silica gel column . 

* and the product was 

chromatography using 30 g. of silica gel,/jbluted using first 

benzene, . a mixture of benzene and ethyl acetate of 95 : 5 by 

volume ratio, and then a mixture of benzene and ethyl 

acetate of 90 : 10 by volume ratio as the elu^nt, and the 

fractions containing the product were collected to provide 
about 10 mg. of 7£-(/l--( 1-tert-butoxycarboxypropylidene )-l , 30 
dithietan-2-yl) -ca"rboxamido-7o(-methoxy-3-( 1-methyltetrazol- 
5-yl)thiomethyl-A^-cephem-4— carboxylic acid benzhydryl ester. 
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\ 


Nuclear magnetic resonance spectra (CDCl-j) 
J(p.p.m.): 1^62 (3H, CH 3 » t ), 
C 7 2.08 (9H, ,(GH 3 ) 5 C^ ), 

2.66 (2H, ^H 2 - q ), 
4.22 (3H, r O0H 3> s ), 


4.44 (3H f |N-^CH 3 , s ), 


5.40 and 5.47 (H of C 6 and = ^ ^> 


CH- 


t 


7.54 (1H, ^-Ca(C 6 H 5 ) 2 ^ 

7.8^8.2 (10H, 1^(0^)2 ), 
8.30 (1H, -NH-CO- ), 


), 


■e 


(b) In 1,1 ml. of anisole was dissolved 200 mg. of the caramel- 
like product obtained in the above step and the solution was 
&® cooled to about 5°C. in an ice-water bath. To the solution 
was added dropwise 3.3 ml. of trif luoroacetic acid at a 
temperature below 10°C. and thereafter the mixture was stirred 
J>-*0 for one hour at 5j^L0 o C. to cause reaction. Then, anisole and 

excessive trif luoroacetic acid were distilled off under reduced 
pressure at a temperature below room temperature and the 
residue was mixed with 10 ml. of water and extracted with a 
mixture of n-butanol and ethyl acetate of 1 : 1 by volume 
ratio. The organic layer was collected, washed with a 
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* 


saturated aqueous sodium chloride solution, dried over 

anhydrous magnesium sulfate, and then the solvent was 

distilled off under reduced pressure. The residue was 
.triturated with 10 ml. of ether to provide 5^ nig, of 
70- Q*— ( 1-carboxypropy lidene )-l , 3-dithietan-2-yl} carboxamido- 
7flC-methoxy-3-( l-methyltetrazol-5-yl)thiomethyl-A^-cephem-4-g) 
^^u^eat ^ajgnetic resonance spectra ( R--DMS0) 


J(p.p.m.): 0.96 (3H, 

n 


v5\ CH 3» t 


2.00 (2H, V ^CH 2 j / q ), 
3.41 (3H, ^ -0-CH 3 , s ), 


3.92 (3H, ^N-^CH 
5 .10 and 5.16 ( 


l 3' 


), 


H of C 6 and=<^ ^>CH- 


9.60 (1H, 

Reference example 22: 


). 


i 


CH -^01^2 \ 
(CH,) x C00C / 


c=c 


:c HCOOH 


A mixture of 120 ml. of dime thoxy ethane and 30 ml. of 
tetrahydrofuran was cooled to -74°C. in a dry ice-acetone 



N- 

bath and then 4.0 ml. of/jlsopropylcyclohexylamine and then 

13.72 ml. of a 15$ n-butyl lithium n-hexane solution were 

added to the mixture, whereby the temperature^raised 

adding 3.17 g. of tert-butyl butylate/ 
from -73°C to -62 C. Af tei/ causing reaction for 30 minutes 

at -74°C. to -75°C . , .664- ml.of carbon disulfide was added dropwise 


and 


to the mixture over a period of 10 minutes followed by 
reaction for 20 minutes at the temperature. Then, 6.86 ml. 
of a 155o n-butyl lithium n-hexane solution was added 
dropwise to the reaction mixture at a temperature below -72 C. 
~ over a period of 10 minutes and then they were caused to react for 

30 minutes. Then, 0.332 ml.of carbon disulfide was added to 
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the reaction mixture over a period of 10 minutes and the 

reaction was performed for 20 minutes. Furthermore, 3.43 ml. 

of a 1% n-butyl lithium n-hexane solution was added dropwise to 

the reaction mixture at a temperature below -72°C. over a 

period of 13 minutes and then the reaction was further 

performed for 20 minutes at -74°C. to -73°C Moreover, 0.166 ml. 

of carbon disulfide was added to the reaction mixture at 

about -74°C. over a period of 6 minutes and the reaction was 

performed for about 25 minutes. Thereafter, sodium diiodo- 

acetate prepared by reacting 0.84 g. of 50^ sodium hydride 

and 5.46 g. of diiodoacetic acid in 25 ml. of dime thoxy ethane 

was added to the reaction mixture followed by reaction for 

30 minutes at 0-5°C. and then the reaction was further 

continued overnight at room temperature. The solvent was 

distilled off under reduced pressure from the reaction 

mixture and the residue was extracted with the addition of 

50 ml. of cold ether and 40 ml. of 1 normal hydrochloric acid. 

The ether layer obtained was : extracted twice each^ 

with 20 ml. of a saturated aqueous sodium hydrogencarbonate 

solution.* The aqueous extracts were 

and 

combined/| adjusted to pH 1 with 1 normal hydrochloric acid, 
extracted 

twice with 30 ml. and 20 ml. of ether, successively. 
The extracts were combined and 
^washed with water, dried over anhydrous magnesium sulfate, 

and then ether was distilled off to provide 1.08 g. of an 

oily product. The oily product was applied to a silica gel 

column chromatography and the fractions containing the 

prod\*ct were collected using a mixture of chloroform 

and methanol of 10 : 1 by volume ratio to provide 630 mg. of 

the brown oily 4— (1-carboxypropylidene )-l ,3-dithietane-2^ 
carboxylic acid. 
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Nuclear magnetic resonance spectra (CDCl^) 
J(p.p.m.): 1.24 (3H, rP H ^» * )» 
1.47 (9H, 
2.01 (2H, 


(SI 


Sv CH 3' 
(CH 3 ) 3 C^ 

-=£H - „ q 



r 


4.87 (1H,=< /C.H- 

^ Example 25 


), 


^5 


OCH 


HOOCCHL 


^ C=C C ^CHCONH 
HOOC^ 



(a) In 10 ml, of tetrahydrofuran was dissolved 350 mg. of 4- 

£l ,2-bis ( tert-butoxycarbonyl )ethylidene^[-l , 3-dithietane-2- 

carboxylic acid. After adding thereto 0,5 g. of 7/5-amino- 

7o(-methoxy-3-( l-methyltetrazol-5-yl)thiomethyl-A -cephem- 

4-carboxylic acid benzhydryl ester and 219 mg, of N,N'- 

.to react 

dicyclohexylcarbodiimide , they were made v/l for 2 hours at 

room temperature. After AXil tT:a£4rHg^ of f^N, N'-dicyclo- 

hexylurea thus deposited, the solvent was distilled off from 

the filtrate, the residue was applied to a silica gel 

column chromatography and the fractions containing the 

product were collected using first benzene and then a mixture of 

benzene and ethyl acetate of 9 : 1 by volume ratio as the 

elu^nt to provide 120 mg, of ' ,2-bis( tert-butoxycarbonyl) 

ethylidenej -1 , 3-dithietan-2-ylJcarboxamido 7oC-methoxy-3- 
(l-methyltetrazol-5-yl) J thiomethyl-^-cephem- z +— carboxylic acid 
benzhydryl ester. 

Nuclear magnetic resonance spectra (CDCl^) 
5 (p. p.m.): 1.42-1.48 -.(18H, ~ (CH^jC^ ), 


2.58 
3.59 


(2H, 
(3H, 
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-0CE 3 ), 


p 


xr" f. 


3.80 (3H, ^N-CH. ), 

4.36 (2H, ^CH 2 - of C 2 , q ), 


4.87 and 5.09 ( H of C 6 and =/^)cH- ) 
6.92 (1H, 


7.2-7.6 (10H, -CH(C £ ,H C .) ). 


(b) In 1 ml. of anisole was dissolved 115 mg. of the product 

obtained in the above step (a). After cooling the solution to 

a temperature below 10°C. in an ice-water bath, 3 ml. of 

trif luoroacetic acid was added dropwise to the solution at a 

t^V' temperature below 10°C. After stirring the mixture for one 

■ excess 

4*uU hour at 5^0 C ..,/|;rif luoroacetic acid and anisole were distilled 

off from the reaction mixture under reduced pressure at room 

temperature and the residue formed was triturated with 5 ml. 
62-| £T of ether to provide 73.7 mg. of 7£-{V- ( 1 ,2-dicarboxyethylidene)- 

°( (xi 1 ,3-dithietan-2-yl3carboxamido-70C-methoxy-3-(l-methyltetrazol- 

5-yl)thiomethyl-A^-cephem- / 4— carboxylic acid. 
:; :;; ^ Nuclear magnetic resonance spectra (D.g-DMSO) 

} ^ J(p.p.m.): 3.94 (3H f JN-CH 3 ), 

I 4.30 ( 2H, -JH ?r of C 2 ) , 



5.16 and 5.20 ( H of C & i= \ / °H- ), 

*S 


i 


H00CCH o 

A. 


C= overlapped the DMSO peak 
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^ ^-OCH^ overlapped the peak of water. 


Reference example 23: 


J ' (ClO^COOC^ ^S- 

5 5 C=C^ JTCHCOOH 

^ (CH x ) x C00CH 2 C^ 


To a mixture of 80 ml. of diethylene glycol 

dimethyl ether and 20 ml. of tetrahydrofuran was added 1.54 

7xO ml. of diisopropylamine. vAnd the . mixture was cooled to -74 C. 

bath ^ 


with dry ice-aceton§4 Then, 6.86 ml. of a 15$ n-butyl lithium 


n-hexane solution was added to the mixture followed by 

reaction for 10 minutes at -72°C. to -74°C. Furthermore, 


2.3 g. of tert-butyl succinate was added to the 

reaction mixture and the reaction was further carried out 

^ ^ for 30 minutes at -74 C. Then, 0.332 mlof carbon disulfide 

was added dropwise to the reaction mixture over a period of 

about 1*5 minutes and then the reaction was continued for 15 

minutes at -74°C Also, 3*43 ml. of a 1% n-butyl lithium 

n-hexane solution was added dropwise to the reaction 

^ mixture at a temperature below -71°C over a period of 20 

minutes and the reaction was carried out for 20 minutes at 
same 

the/^temperature . Thereafter, 0.166 mlof carbon disulfide 
was added dropwise to the reaction mixture over a period of 
1 13 minutes at a temperature below -72°C. and the reaction 


was carried out for 17 minutes at the temperature. Moreover, 
1.715 ml. of a 159S n-butyl lithium n-hexane solution was 
added dropwise to the reaction mixture over a period of 10 

IS I %Q minutes at a temperature below -71°C. Finally, 0.083 ml. of 
carbon disulfide was added dropwise to the reaction mixture 

r - over a period of 10 minutes and then the reaction was further 
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^3 carried out for 20 minutes at -72°C. to -74°C 

Separately, a suspension of sodium diiodoace tate 

prepared beforehand from 432 *ng. of 50^6 sodium hydride and 


2.8 g. of diiodoacetic acid in 20 ml. of diethylene glycol 
dimethyl ether 

ropwise to the reaction mixture obtained in the aforesaid 


reaction, whereby the temperature in the system raised from 

-74°C. to -64°C. Then, the temperature was allowed to raise 

and after carrying out the reaction for one hour at 0y5°C. f 

the mixture was stirred overnight at room temperature to cause^ 

U further ^fcfee reaction. ■ Thereafter, the solvent was distilled 

off at room temperature under reduced pressure to 

provide a brown residue. The residue was mixed with 50 ml. 

of ether and 20 ml. of a cold 10fo sulfuric acid 

ether. 

and extracted with A The ether layer formed was 

- U extracted twice each^with 50 ml. of a saturated sodium 

hydrogencarbonate solution. The aqueous layer obtained was 

mixed with 50 ml. of 10# sulfuric acid and extracted 

with 50 ml. and 30 ml. of ether, successively. The ether 
.were combined and j^W, 
Is extract sA washed twice each^with 30 ml. of a saturated 

aqueous sodium chloride solution, dried over anhydrous 
magnesium sulfate, and ether was distilled off to provide 
1.83 g. of an oily product. The oily product was applied to 
; a silica gel column chromatography using 70 g. of silica gel, 

eluted using first chloroform and then a mixture of chloroform 
and methanol of 50 : 1 by volume ratio, and the fractions. 
" " •'< containing the product were collected to provide 700 

*tT Pi mg. of 4-(j ,2-bis(tert-butoxycarbonyl)) -1 , 3-dithietane-2- 

\ * carboxylic acid* 
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Nuclear magnetic resonance spectra (CDCl^) 
J(p.p.m.); 1.22 (18H, 

2.5 8^ (.2H, te C H , ), 


2 x (CH 5 ) 3 ^ ), 


4.91 (1H, 


CH- 


P Mass spectra: 
J^J>0 m/e: 362 


M 


OH 


V Example 26 


CH-,NHOCC 
3 


HOOC^ / s 


OCH- 


CHCONH- 


-N 


N- 



CH 2 S- 


COOH 


-N 
ll 
.N 


I 

CH- 


(a). To a solution prepared by dissolving 500 mg. of 
7/3-amino-7o(-methoxy-3-(l-methyltetrazol-5-yl)thiomethyl- 
A^-cephem-4— carboxylic acid benzhydryl ester in 35 ml. of 
tetrahydrofuran was added 500 mg. of 4-£(tert-butoxycarbonyl)- 
(N-methylcarbamoyDmethylene^-l ,3-dithietane-2-carboxylic acid 
and about 400 mg. of N ,N ' -dicyclohexylcarbodiimide , and the 
mixture was stirred for 3.5 hours at room temperature. 


Hie solvent 

^|was distilled off from the reaction mixture under reduced 

pressure and the residue formed was subjected to a silica 

gel column chromatography to provide 300 mg. of 

7/3- j^— carboxy ) (N-methylcarbamoyl )methylene^ -1 , 3-dithietan- 

2-yl] carboxamido-7p(-methoxy-3-( l-methyltetrazol-5-yl )thiomethyl- 
3 

y o A -cephem-A— carboxylic acid benzhydryl ester using a mixture 
of chloroform and ethyl acetate of A- : 1 by volume ratio 
0^ as the elu^nt. 


p 


Nuclear magnetic resonance spectra (CDCl^) 

J(p.p.m.): 1.52 (9H, t-C 4 H g - ), 

^7 • 2.83 (3H, CH.NHCO- ), 

& 

3.60 (5H, CH 39,- V and " C H 2 - of C 2 ), 



3.84 (3H, 


4.82 (1H, 


I ... 



f 


P:) 5.08 (1H, H of C 6 ), 

I 6,93 (1H, "'S54 C 6 H 5 ) 2* )# 


(b). In a mixture of 10 ml. of trif luoroacetic acid and 
2 ml. of anisole was dissolved 300 mg. of the product 

obtained in the above step (a) under ice-cooling. 
The solution was stirred for about one hour at 15°C. The 
solvent was distilled off from the reaction mixture under 
reduced pressure and the residue was mixed with ether followed 
by stirring. The precipitates thus formed were recovered by 


# : 
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filtration and washed with ether to provide 170 mg. of 
^ *z>B> 9 ^ 70 - 14- ^( carboxy ) ( N-methylcarbamoy 1 )methy lenej -1 , 3-dithietan- 

2-yl] r carboxamido-7o(-methoxy-3"(l -methyltetrazol-5-yl) thiomethyl- 
ft>(j A -cephem-4-carboxylic acid. 

Nuclear magnetic resonance spectra ( Dg^-DMSO ) 
(p. p.m.): 2.68 (3H, CH^NHCO- ) f 
3.42 (3H, CH^- ), 


erf 


— — J®— N 
( 3.94 (3H, CH 3 -N> V J ), 


^ about 5.12 (2H, H of C 6 and =C^^CH- ). 


Reference example 24 


CH^NHOC ^ 

^C=G^ "^CHCOOH 


To 3 ml. of 15% potassium tert-butylate tert-butanol 
solution were added 540 mg. of tert-bu^yl N-rnethylmalonamate 
and 12 ml. of anhydrous tetrahydrof uran with stirring at 
room temperature. After stirring the mixture for 5 minutes, 
0.0935 ml. of carbon disulfide was added dropwise to the 
mixture followed by stirring for 10 minutes. Then, 1.5 ml. 
of 15% potassium tert-butylate tert-butanol solution was added 
to the mixture followed by stirring for 10 minutes, 0.046 ml. 
u of carbon disulfide was added dropwise to the mixture followed 

' by stirring for 10 minutes, and the same procedure was 

further repeated using 0.8 ml. of 15% potassium tert-butylate 
tert-butanol solution and 0.023 ml. of carbon disulfide. 
& i Then, ^suspension of sodium diiodoacetate which was separately 

prepared by dissolving 0.98 g. of diiodoacetic acid in 7 ml. 
of anhydrous tetrahydrofuran and adding 115 mg. of 50% sodium 
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hydride to the solution with stirring under cooling, was 
added to the above reaction mixture followed by stirring * 
for 1 hour at room temperature to complete the reaction. 

After the solvent was distilled off under reduced pressure, 
150 ml. of ether and 50 ml. of 0.2 normal hydrochloric acid 
which was cooled at 0°C. were added and the product was 
extracted with ether, then washed twice each^with 50 ml. 
of water. Then, ether layer was extracted with 50 ml. of 
2% sodium hydrogencarbonate , and the aqueous layer was 
neutralized to about pH 7.5 with 1 normal hydrochloric acid 
and extracted with 100 ml. of ether. To the aqueous layer 
was further ^ddjed 0.5 ml. of 1 normal hydrochloric acid, and 
^ extract ed^tfli^ 100 ml. of ether. This procedure was repeated. 
Each ether extract was subjected to a silica gel thin layer 
chromatography using a mixture of acetonitrile, ethylacetate 
& and water of 3 : 1 : 1 by volume ratio as the elu^nt and then 

fractions containing the product were collected and the 
solvent was distilled off under reduced pressure to provide 
^ 600 mg. of oily 4- (Jtert-butoxycarbonyl) (methylcarbamoyl)£p 

^| methylenej-1 , 3-dithietane-2-carboxylic acid. 

^ Nuclear magnetic resonance spectra (CDCl^) 
(p.p.m.): 1-52 (9H, (^3)3°^ 
" 2.84 ( 3H, CH ? NH- ) , 

4.83 (1H, =< S ^CH- ). 


L 
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Co 


Example 27 



HOOC- 
H 2 NOC- 


:c=c: 


OCH-, 

r 3 


CHCONH- 





4 


N N 

T in. 


' In 8 ml. of an aqueous 5% sodium hydrogencarbonate 
solution was dissolved 200 mg. of 7/5-(4^ 
carboxy-3-hydroxyisothiazol -5-yl ) thioace tamido-7o(-me thoxy- 
cephalosporanic acid. The solution was stirred 'for 

2 hours at room temperature. After the reaction was over, the 
reaction mixture obtained was adjusted to pH 1 with 2 normal 
hydrochloric acid and then extracted twice each^with a 
mixture of n-butanol and ethyl acetate of 1 : 1 by volume 
ratio. The organic layer was washed with a saturated aqueous 
sodium chloride solution, dried over anhydrous magnesium 
sulfate, and the solvent was distilled off to provide 180 mg 
(90% yield) of white-powdery . \ . 7/3-^4— carbamoyl)-^ 
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• * 

(carboxy )methylenej--1 , 3-dithietan-2-yl^carboxamido-7^-methoxy- 


3 

(&a2 A -cephalosporanic acid- 


Nuclear magnetic resonance spectra (Dg-DMSO) 
^""~'"~7p.p.m.): 5-20 (1H, J^" S , ' s ), 



i 



/•ITT 

(. 1H, 

5.12 

(1H, 

4.82 

(2H, 

3.48 

(2H, 

3.44 

(3H, 

2.04 

(3H, 


— N 


-CH- , s ), 

\s — 


^l_CH 2 0- q. ), 

OCH^ , s ), 

-OCOCH 5 , s ). 


(b) In 6 ml. of water were added 300 mg. of 7/$-f4£) 
( carbamoyl ) ( carboxy ) methylene- 1 , 3-dithietan-2-yl Jcarboxamido- 
7^-methoxy cephalosporanic acid, 67.2 mg. of 5-mercapto-1 - 
methyltetrazole and 146 mg. of sodium hydrogencarbonate followed 
by stirring for 1 6 -hours at 60-62 o C. The reaction mixture 
was adjusted to pH 1 with 2 normal hydrochloric acid under ice- 
cooling, and the precipitates formed were recovered by filtra- 
tion, and dried over phosphorus pentoxide under reduced 
pressure to. provide 75 mg. of light yellow powdery 7£- (4- 
I (carbamoyl) (carboxy )methylene-1 , 3-dithietan-2-yl^]carboxamido- 

isb 7ol-methoxy-3-(l-methyltetrazol-5-yl)thiomethyl-<£?-cephem- 
4-carboylic acid. 


- 90 - 


Example 28 


IT 


I 


COOH 


•SCH 2 C0NH 


OCH 



(a) In 60 ml. of methanol was dissolved 6.1 g. of 

7)S-bromoacetamido-7oi-methoxy-cephalosporanic acid. 

Then 15 ml. of an ice cooled aqueous solution of 4.3 g. of 
trisodium salt (trihydrate ) of 4- carboxy- 

3-hydroxy -5-mercaptoiso thiazole was added dropwise 
to the solution at 0^5°C. After stirring the mixture for 30 
minutes at the same temperature, methanol was distilled off 
under reduced pressure. The residue was mixed with 40 ml. 
of water, adjusted to pH 3 with 2 normal hydrochloric acid, 
and washed with ethyl acetate. The aqueous layer was further 
adjusted to pH 1 with 2 normal hydrochloric acid and then 
extracted twice each with a mixture of n-butanol and ethyl 
acetate of 1 : 1 by volume ratio. The organic layer was 
washed with a saturated aqueous sodium chloride solution, 
dried over anhydrous magnesium sulfate, and the solvent was 
distilled off to provide a powdery crude product. The product 
was dissolved in a small amount of methanol and the solution 
was allowed to cool with ice to form crystals. The crystals 
were recovered by filtration to provide 4.8 g.(64.2# yield) of 
the purified white crystals of 7/?-( 4-carboxy-3-hydroxy- 
isothiazol -5-yl) thioacetamido-7^-methoxy cephaloSporanic acid. 


i : 


- 91 - 



3.52 (2H, 
3.44 (3H, 
2.04 (3H, 


H 


S 


Nuclear mag netic resonance spectra (D^-DMSO) 
cf(p.p.m.): 5.20 (1H, 

4.84 (2H, 
4.02 (2H, 


H 


SCH 2 C0- 


•^•CHoO- 


s 

q 

s 


OOH-j 


-0C0CH, 


(b) By following the same procedure as in Example 27-b) using 
fe 7^- 7#-( 4-carboxy-3-hydroxyisothiazol -5-yl) thio- 

foC2 acetoamido-7^-methoxy- c^ephalosporanic acid and 5^ 

^Z**lnercapto-l-methyltetrazole , 7/3-( 4-carboxy-3-hydroxyisothiazol Q 
Go 5-yl) thioacetoamido-7oc-methoxy^3-(l-methyltetrazo3r5-yl) thio- 

me thyl-Z^-cephem-4-carboxylic acid was obtained. 
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( ^Example 29 


OCH 


HOOC 
H 2 NOC' 


,C=C 


CHCONH 



COOH 


J/(3-( 4-carboxy- 


A mixture of 300 mg. of 
3-hydroxyisothiazol -5-yl) thioacetamido-7c^-methoxycephalo- 
sporanic acid, 76.5 mg, of 2-mercapto-5-me thyl-1 , 3 , ^> 

thiadiazole, 1^6 mg. of sodium hydrogencarbonate , and 6 ml. 
of water was stirred for 12 hours at 58-£0°C. The reaction 
mixture was cooled, adjusted to pH 1 with 2 normal hydrochloric 
acid under ice-cooling, and the precipitates formed were 
recovered by filtration, and dried over phosphorus pent£oxide 
under reduced pressure to provide 95 mg. (27.8^ yield) of 
light yellow powdery 7/6-{4-|^carbajnoy^(carboxy^nethylene^J-l , 3- 
dithietan -2-yl}-carbox^amido-7f>< -me thoxy-3-( 5-me thyl-1 , 3t4Q 
thiadiazol — 2-yl) thiomethyl-^-cephem-4-carboxylic acid . 
Nuclear magnetic r esonance spectra (D^-DMSO) 


^(p.p.m.): 5.16 (1H, 

5.12 (1H, 

4.34 (2H, 

3.58 (2H, 


s 


CH 2 0- » 


q 
q 


3.40 (3H, 
2.60 (3H, 


— OCH- 


-N 


CH- 


Cjo\(_^ Example 30 


OCH-, 
• 3 


~A0T HOOC^ , / 

' /C=C^ / CHCONH — I — f 

^ H o N0C X XT I 


N N 

II 


0* ^ 2 ^N- 


P 


COOH CH 3 
In a mixture of 40 ml. of meTTEanol and 300 ml. of a 5# 


a|ueoufl^so^iura hydrogencarbonate solution was dissolved 6.0 g. 
car2oxy-3-hydroxyisothiazol -5-yl ) thioacetamido-7^-methoxy- 

3-{-l-methyltetrazol -5-yl) thiomethyl-A 3 -cephem-4-carboxylic 

acid. The solution was stirred for 5 hours at room 

temperature. The solution was washed with 300 ml, of ethyl 

acetate, acidified with diluted hydrochloric acid, and 

O extracted twice each^with 200 ml. of a mixture of n-butanol 

and ethyl acetate of 1 : 1 by volume ratio and once with 100 
ml. of the same mixture. The organic , layers were combined 

C, with each other, washed . twice each^with 50 ml. of a 

saturated aqueous sodium chloride solution, dried over 
anhydrous magnesium sulfate, and then the solvent was 
distilled off under reduced pressure. To the residue was 
added 50 ml. of ether and precipitates formed were recovered 
by filtration, washed with ether and dried to provide 
- ' crude product. The crude product was purified by a silica 

gel column chromatography using a mixture of chloroform, 
methanol, and formic acid of 100 : 20 : 1.5 by volume ratio 
as the eluent. 

v The fractions containing the product were collected 

and the solvent was distilled off under reduced pressure to 
^5^;/ c \ provide 3.5 g. of 7/3- {4-j^carbamoy^arbox^nethylene^ -1, 3£ 3 . 
6vjjr ; > dithietan -2-yl }carboxamido-7<<^methoxy-3-(l-niethyltetrazol ~ 
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bo 5-yl) thiomethyl-Z^ 3 -c.ephera-4-carboxylic acid. 

P Nuclear magnetic resonance spectra (D^-DMSO) 
TCp-P-m.): 3.40 (3H, . CH.O- of C ? ), 
( 3.61^2H^j^U^of c 2 ), 

\ 3-92 (3H, -^-N^ ). 

4.30 (2H, S ^ cH2 _ ), 

(1H) \ 

I n 01 U/- ana — s. 
(lH)^ b ^S' 


5.11 (1H)1 /S. 

/ H of C c and =< >GH 

5 .14 



6.00 (1H, -C00H ), 
7.50 (2H, -C0NH 2 )., 

9.60 (1H, -C0NH-1 1^ ). 

' — N ~~ 


Ex ample 51 

^ A mixture of 300 mg. of ^-(4-carboxy-3-hydroisothiazol- 
5_yl)thioacetamido-7^methoxycephalosporanic acid, 67.2 mg. 
of 5-mercapto-l-methyltetrazole, 146 mg. of sodium hydrogen- 
carbonate , . and 6 ml. of water was stirred for 12 hours at 
g^jQ 58^60°C. The reaction mixture was cooled, adjusted to pH 1 

with 2 normal hydrochloric acid in under ice-cooling, and 
the precipitates formed were recovered by filtration, and 
G. dried over phosphorus pent^oxide under reduced pressure 

G2,^ff to provide 7/3- ^ ((carbamoyl)(carboxy)methyleneJ-l ,3-dithietan- 

' k} 2-yljcarboxamido-7p(-niethoxy-3-(l-methyltetrazol-5-yl)thiomethyl 

Iq^ A^-cephem-A— carboxylic acid. 
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L~ Example 52 



<r — ^ 

OCH 

>~P J^C=C^ ^CHCONH 


HOOC\ J J ^S« 

N N 


O 

COOH CH^ 

JP (a). In a mixture of 50 ml. of chloroform and 10 ml. of 
, '^\ 5^ acetone was suspended 1.0 g. of 7/S- {4-(^carbajnoy])(carbox^- 

*\ methylene)-l , 3-dithietan — 2-ylJ carboxamido-7o(-methoxy-3-(l- 

. . me thyltetrazol — 5-yl) thiomethyl-A 3 -cephem-4-carboxylic acid* 

ig- hcn Q ^solution^prepared by dissolving about 700 mg. of 
\.C diphenyldiazome thane in 5 ml. of chlorof orm^was added dropwise 

to the suspension. The mixture was stirred for 30 minutes at 
room temperature and then the solvent was distilled off from 
the reaction mixture. The residue was subjected to a silica 
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gel column chromatography using a mixture of chloroform and 
ethyl acetate of 2 : 1 by volume ratio as the elu£nt to 
isolate and purify the product. Thus, the fractions 

containing the product were collected and the solvent 

was distilled off under reduced pressure to provide 0,8 g. 
of 7/9- {4-^benzhydryloxycarbony|(carbamoyl)methylene , )-l, 39 
dithietan -2-yl] carboxamido-TX^niethoxy-B-Cl-methyltetrazol — 5-£) 
) yl) thiomethyl-^-cephem-4-carboxylic acid benzhydryl ester. 
JqT Nu clear magnetic resonance spectra (CDClO 

r v J 

1 cf(p.p.m.): 3.52 (5H, H of C 2 and CH-jO-of C ? ), 

N—N 

3.76 ( 3 H, ), 
4.35 (2H, -CH 2 -S- of C 3 ), 


6 


4.86 (1H, ^^CH- ), 

Q^JCrf 5 * 00 and 5 -°3 (1H, H of C 6 ), 

6.90 (1H)7 

] "CH(C H ) ), 

7.00 (1H) J - 6 5 2 

7.30 (10H, -CH(C 6 H^) 2 ). 

(b). In 10 ml. of chloroform was dissolved 1.0 g. of 
7/5-{4-j(benzhyd ryloxy carbony^arbamoy^me thylene} -1 , 3-d i thi e tan 
2-yl } carboxamido-7^-me thoxy-3- ( 1-me thyl t e trazol — 5-yl ) thi o- 
methyl-Zf -cephem-4-carboxylic acid benzhydryl ester. ^ / while, 
stirring the solution under ice-cooling, 0.3 ml. of pyridine 
and 0.45 g. of phosphorus pentachloride were added to the 
solution followed by stirring further for one hour at room 
temperature. The reaction mixture was then ice-cooled and 
3 ml. of water was added to the mixture. The organic layer 
formed was separated from an aqueous layer, washed with 2 ml. 
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of water, dried over anhydrous magnesium sulfate, and then 

under reduced pressure 
the solvent was distilled off/fto provide 0.5 g. of 7/3- {%- 


r \ r : ' ((benzhydryloxycarbony^(byan^methylene)-l, 3-dithietan -2-yl}- 
carboxamido-7o^-methoxy-3-(l-methyltetrazol — 5-yl) thiomethyl- 
Z^-cephem-4-carboxylic acid benzhydryl ester. 
*P Nucl ear magneti c resonance spectra (CDCl^) 

cT(p.p.m.): 3.45 (5H, H of C 2 and CH^O- of C ? ), 


i 


3.45 

(5H, 

3.80 

(3H, 

4.32 

(2H, 

5.02 

(2H, 


(2H, 

•1.30 

(10H, 


-CH 2 -S- of C-j ), 

H of C 6 and =<^>CH- 

^H(0 6 H 5 ) 2 ). 


(c). In 2 ml. of methylene chloride was dissolved 0.5 g. 
^ &h \ ' i of 7/3- ^4-^benzhydryloxycarbony^yanc^methylene^-l, 3-dithietan - 
S£> Go 2-yl}carboxamido-7^methoxy-3-(l-methyltetrazol -5-yl)thio- 

6>fe . methyl-/^-cephem-4-carboxylic acid benzhydryl ester. After 

adding thereto 5 ml. of a mixture of trif luoroacetic acid and 
^ f^-AJ anisole s>f A 4 : 1 by volume ratio at -10 C, the mixture was 
stirred for 30 minutes at the same temperature. Then, the 
A ' solvent was distilled off under reduced pressure at a low 

temperature from the reaction mixture. 

The residue was triturated with ether and was recovered 
by filtration and dried to provide 0.2 g. of powdery 
e \ 50 [4-^carboxi^yan^nethylene^J-l, 3-dithietar -2-yl}carboxamido- 
V* 7oC-methoxy-3-(l-methyltetrazol -5-yl) thiomethyl-Z^-cephem- 

<: 4-carboxylic acid. 
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I . Nuclear magnetic resonance" spectra (D-.-DMSO) 
' - ' <T(p.p.'m.): 3.44 (3H, CH^O-of ;C 7 ), 

3.62 (2H, H of C 2 ) , 
. 4.30 (2H, _CH 2 -S-r . ), 
5.16 (1H, H of C 6 


c\9^r \^Vs2 (in, • ^peE- '); y 



p 


By the same procedure as in Example 1, the following compounds 
were obtained* 


0>(, 


Example 53 

6^ J 76-(^-cyano-3-hydroxyisothiazol-5-yl)thioacetamido-7c^-25 v 
£fc methoxy-3-(l-raethyltetrazol-5-yl)thiomethyl-A^-cephem-4— 
carboxylic acid. 
\ Nuclear magnetic resonance spectra (D^-DMSO) 

SCp.p.m.): 3-39 (3H), 3.59 (2H), 3.92 (3H), 4.11 (2H), 

^ { j 

' ' 4.28 (2H), 5.10 (1H). 

Example 34 

tot> 7j3-C3-hydroxy-4-phenylisothiazol-5-yl)thioacetamido-7fA-b 
methoxy-3-(l-methyltetrazol-5-yl)thiomethyl-^-cephem-4- 
carboxylic acid. 
P Nuclear magnetic resonance spectra (D^-DMSO) 

/ &j £(p.p.m.): 3.40 (3H), 3.56 (2H), 3o87 (2H), 3.92 (3H), 
7 4.27 (2H), 5.05 (1H) 

L 

Ci)(^ Example 35 


W 76-(3-amino-4-.cyanoisothiazol-5-yl)thioacetamido-7p<^ 
methoxy-3-( l-methyltetrazol-5-yl )thiomethyl-A^-cephem-4^ 
carboxylic acid. 

Nuclear magnetic resonance spectra (D^-DMSO). 
V S ioj £(p.p.m.): 3.4-0 (3H), 3.60 (2H), 3.95 (3H), 4.08 (2H), 
^ 4.31 (2H), 5.H (1H). 
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a 


\ Example 56 

7/3-(4- diraethylcarbamoyl-3-hydroxyisothiazol-5-yl)- 

thioacetamido-7<<-niethoxy-3-( 1-methylt etrazol-5-yl )thiomethyl- 
C 23?-cephem-4-carboxylic acid. 

P Nuclear magnetic resonance spectra (D^-DMSO) 

' } - 5(p.p.m.): 2.88 (6H) , 3.38 (3H), 3.56 (2H), 3.90 (5H), 
c () 4.26 (2H), 5.04 (1H). 


OlH^ Example 37 


G>c J. 76-(3-hydx*oxyisothiazol- z <--yl)thioacetamido-7 (- 


^ methoxy-3-(l-methyltetrazol-5-yl)thiomethyl-^ -cephem-^- 

carboxylic acid. 

Nuclear magnetic resonance spectra (D^-DMSO) 
^ 67 SCp.p.m.): 3.39 (3H), 3.48 (2H), 3.66 (2H) , 3.94 (3H), 

4.26 (2H), 5.H (1H), 7.59 (1H). 

C{j|w Example 38 


^ ^ 7^-(4-cyano-2-rpethyl-3-oxo-2 ,3-dihydroisothiazol-5-' 

yl)thioacetamido-7o/-rnethoxy-3-( l-methyltetrazol-5-yl)- 


thiomethyl-^-cephera-^- carboxylic acid. 


Nuclear magnetic resonance spectra (D^-DMSO) 
, (y gCp.p.m.): 3.40 (3H), 3.64 (2H), 3.92 (8H) , 4.30(2H), 

^ 5.16 (1H). 

(i)C\ Example 39 
7^3-^4— cyano-2-(2-hydroxyethyl)-3-oxo-2 , 3-dihydro- 
isothiazol-5-y^ thioacetamido-^-methoxy-3-(l-methyl- 
tetrazol-5-yl)' t hiomethyl-/p-cephem-4-carboxylic acid. 
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\f Nuclear magnetic resonance spectra (D^-DMSO) 

(p. p.m.):" 3.4-0 (3H), 3.5-3.6 (3H), 3.76 (2H>, 3.93 '(3H), 
4.16 (2H), 4.32 (2H), 5.14- (1H). . 

Cci(. Example 40 

(■7 , • ' 

7/3-(4— carbamoyl-3-hydr6xyisothiazol-5-yl)thioacetamido- 

(; 7o^-methoxy-3-(l-methyltetrazol-5-yl)thiomethyl-Z^-cephem- 

4-carboxylic acid. . 

[" Nuclear magnetic resonance spectra (D^-DMSO) 

(• ■ gCp.p.m.): 3.39 (3H), 3.4-9 (2H), 3.64 (2H), 3.93 (3H), 

*) ' 4. 28 (2H), 5.07 (1H) 

^ A \ f Example 41 

7/S-C 3-hydroxy-4-hydroxymethylisothiazol-5-yl )thioacetamido- 
t>& 7^-methoxy-3-(l-methyltetrazol-5-yl)thiomethyl-^-cephem-4£} 
carboxylic .acid. 

Nuclear magnetic resonance spectra (D^^IMSO) 
J(p.p.m.): 3.4-0 (3H), 3.58 (2H)', 3.83 (2H) , 3-92 (3H), 
. ^"V ^- 12 (2H), 4.30 (2H), 5.10 (1H). 
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« * 


Example 42 


In 7 ml. of methylene chloride, was dissolved 300- mg. 

( ^ of 7jB-amino-7c<-inethoxy-3-(l-methyltetrazol--5-yi)thiomethyl- 

^-cephem-4-carboxylic acid benzhydryl ester, 'chilled' to -30°C. 

and 460 mg. of pyridine was added. Separately , an acid chloride 

solution was prepared 'from the suspension of 240 mg. of 

potassium (4-cyano-3-methoxyisothiazol-T5-yl)thioacetate in 

10 ml. of methylene chloride , 170 mg. of oxalyl chloride and 

a drop of dimethylf ormamide . The acid chloride solution was 

^' added dropwise to the above solution at -30°G to -20°C and 

stirred for one hour at the same temperature. To the reaction 

U mixture was added 30 ml. of chloroform and washed * wi1A twice 

O each with hydrochloric acid and twice each, with saturated 

sodium hydrogencarbonate t «#ire c organic layer was ^separated 

and dried over anhydrous magnesium sulfate. The organic 

layer was condensed under reduced pressure and the residue 

obtained was subjected to silica gel column chromatography 
<2 

C- with the elu^nt of a mixture of chloroform and isopropanol 

U ^2^(10:1 by volume ratio), i&^^l 90 mg. of 7/3-(4- cyano-3-methoxy- 

isothiazol-5-yl)thioacetamido-7p(-methoxy-3-( 1-methyltetrazol- 
(jph 5-yl)"thiomethyl-A^-cephem-4-carboxylic acid benzhydryl ester. 
O ■ wan - obta AuejcU. 

In 2 ml. of methylene chloride was dissolved the above 
product and a mixture of 1.6 ml. of trif luoroacetic acid 
c/ and' anisole ( 3: 1 "by volume ratio) was added dropwise at 

J\ Vw) -15°0 to -5°G sind stirred for 40 minutes at the same 

■ . aJU 

temperature # efche n— the - solvent was distilled off under reduced 
pressure, the residue was triturated with 10 ml. of ether, 
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